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SECTION 1.0
INTRODUCTION

Atlantic Richfild Company has prepared this Draft Groundwater Conditions Work Plan (Work
Pan) to conduct fidd invedigations that will support an evaduation of ecologicd and human
hedth risk, and an evaudion of potentid impacts to groundwater that may result from past
operations and exigding conditions a the Yerington Mine Site. Invedtigations proposed in this
Work Plan will be conducted pursuant to the Closure Scope of Work (SOW; Brown and
Cddwdl, 2002a), and will aso support an evaduation of closure dternatives for the dte.  As
dated in the SOW, the Groundwater Conditions Work Plan will:

= “conduct an evauaton of current groundwater management operaions and aguifer
conditions in the context of dte water baance information, including an assessment of
the effectiveness of the pumpback well system”;

= “include the identification of areas a the mine ste, located down-gradient of surface
features with the potentiad to impact groundwater, that have little or no groundwater
monitoring datd’; and

= “present the locations and preliminary designs for additional monitor well congtruction”.

Additional concepts discussed in this Work Plan include proposed hydropunch investigations
and trench testing that were presented in individua Draft Work Plans previoudy submitted to the
Nevada Divison of Environmenta Protection — Bureau of Corrective Actions (NDEP), the U.S.
Bureau of Land Management (BLM), the U.S. Environmenta Protection Agency (EPA) and
other members of the Y erington Technicad Work Group (Y TWG).

In addition, components of the previoudy submitted Draft Wabuska Drain Work Plan (Brown
and Cddwdl, 2002b) that have relevance to groundwater conditions associated with the
Yerington Mine Ste are discussed in this Work Plan. A forthcoming Yerington Pit Lake Work
Plan, to be submitted later in 2002 pursuant to the SOW, is a second companion Work Plan that
has rdevance to dte groundwater conditions because the pit lake affects groundwater flow at the
dgte.  The results of fidd and laboratory investigations conducted under this Groundwater
Conditions Work Plan will be presented in a Data Summary Report.

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
It should not be relied upon; please consult the final report.



ATLANTIC RICHFIELD COMPANY DRAFT GROUNDWATER CONDITIONS WORK PLAN

The remainder of Section 1.0 of this Work Plan describes past mining operations and current Ste
conditions that may affect groundwater conditions & the Yerington Mine Site, the hydrogeologic
seting of the mine dte induding a summary of previous groundwater investigations and related
studies, and a description of Data Quality Objectives for this Work Plan. Section 2.0 presents a
conceptud hydrogeologic model of the area around the mine Ste based on avallable information
presented in Section 1.0. Section 3.0 presents the specific components of the Work Plan, based
on the Data Quality Objectives and the conceptua hydrogeologic model for the. Section 3.0 dso
presents a task-specific Job Safety Andyss in the context of the exiing comprehensve Ste
Hedth and Safety Plan. Section 4.0 ligts references cited in this Work Plan.

1.1  Location

The Yerington Mine Ste is locaed west and northwest of the town of Yerington in Lyon
County, Nevada (Figure 1). The Waker River flows northerly and northessterly past the mine
dte, between the dte and the town of Yerington. The river is within a quarter-mile of the
southern portion of the site, and the distance between the Site and the river increases to the north.
Highway 95A is aso located between the mine dte and the town of Yerington (Figure 1). The
Paiute Tribe Indian Reservation islocated gpproximately 2.5 miles north of the Site.

The Yerington Mine Ste is located in Mason Vdley and the Mason Vdley hydrographic basin
(no. 108) within the Waker River watershed. Agriculture has been the principad economic
activity in Mason Valey (principdly hay and grain farming, with some bedf and dary cattle
ranching). Locd onion farming is dso present in the area.  Surface water diversons from the
Wdker River and groundwater pumping provide the irrigation water for these agriculturd

activities

12  Past Mining Operationsand Current Conditions

Mining and beneficiation operations for oxide and sulfide copper ores from an open-pit in the
southern portion of the mine dte were conducted between 1953 and 1978 by Atlantic Richfidd's
predecessor, the Anaconda Mining Company. Waste rock piles were constructed to the south
and to the north of the open pit. Tailings impoundments and process solution evaporaion ponds

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
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were congructed north of the pit and the mill/precipitation plant arees. The milling process for
oxide and sulfide ores varied. Oxide ores were crushed and vat-treated with sulfuric acid. The
resulting copper sulfate solution was decanted and the remaining solids were placed in the
talings ponds. The copper sulfate solution was subjected to “iron laundering” in which the
copper in solution exchanged with iron, resulting in a copper precipitate.  Resdud solutions,
containing elevated concentrations of iron and sulfate, were conveyed to evaporation ponds a a
rate of about 700 gpm (Seitz et. d., 1982).

Sulfide ores were finely crushed, and copper sulfides were recovered using a flotation process
with the addition of lime to achieve a neutrd pH. Resdud solids from the flotation were then
placed in the sulfide tailings ponds. The copper concentrates from both milling processes were
dried and shipped off-dte for andting. Fine-grained tailings were transported to the ponds as a
durry, and the liquid fraction was recycdled for use in further milling. Seepage from the
northernmogt tailings pond was collected in a periphera ditch and recycdled dong with the liquid
fraction of the talings fluid. During mining and milling operdions, the talings depodtion arees
and associated evgporaion ponds and containment ditches were progressvely expanded to the

north to accommodate the need for increased tailings capacity.

Setz e. d. (1982) noted that the tallings ponds dried soon after milling operations ceased in June
1978, whereas the solutions in the evgporation ponds from the oxide milling process took longer
to dry. The locations of the open pit, waste rock piles, mill processng area, tailings and
evaporation ponds are shown in Figure 2.

Arimetco, Inc. acquired the property in 1989, and initiated leaching operations at five lined leach
pads located around the ste (Figure 2), including the re-handling and leaching of previoudy
deposited waste rock north of the pit. Arimetco aso congructed and operated an eectro-
winning plant with associated solution ponds located south of the former mill area (Figure 2).
Some Arimetco leach pads and solution ponds were consdtructed on the pre-exiding oxide
tallings areas. Lined evaporation ponds have adso been condructed a the dSte to manage
groundwater impacted by mine units and past operations. Since the end of mining and leaching
operaions by Arimetco in 1996 to the present, the State of Nevada has managed process fluids

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
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by re-circulation and evgporation. Beginning in 1986, Atlatic Richfidd has managed
groundweter by the inddlation and operation of a pumpback well sysem located dong the
northwestern margin of the mine site.

Past mining and ore processing activities a the Yerington Mine have created the current dte
conditions, with the mine units and process areas shown in Fgure 2. These mine units and
related surface disturbances can be consdered as potentid sources of condituents of concern
(COCs) to groundwater via leaching of surface materids by meteoric water and infiltration
through the unsaturated (vadose) zone.

The existing mine units and process areas include:

Tallings Aress
=  OxideTalings
= SulfideTalings

Waste Rock Areas
= South Waste Rock Area (North)
= North Waste Rock Area

Evaporation and Recycling Ponds
= North, Middle and South Lined Evaporation Ponds
* Finger Evaporation Ponds
= Unlined Evaporation Pond
= Lined Evaporation Pond (South, Middle and North)
= Pumpback Evaporation Pond
= Process Solution Recycling Ponds

Leach Pads
= Phasel Heap Leach Pad
=  Phasell Heap Leach Pad
= VLT Hesap Leach Pad
= Sot Heap Leach Pad

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
It should not be relied upon; please consult the final report.
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Process Areas
= Buildings
=  Shops

=  Fue Storage Areas
=  Ponds and other structures

Arimetco Electrowinning Facilities
= Electro-winning Plant
* Pondsand other structures
=  Pipdines, ditches and other conveyances

Andillary Mine Units
= Landfills
= Sewage Treatment Ponds
= Pipdines, ditches and other conveyances

Companion Work Plans that describe these mine units have been submitted pursuant to the
SOW.

1.3  Hydrogeologic Setting

This section describes the generd physica and hydrogeologic conditions in the area surrounding
the Yerington Mine Site. Information presented in this section includes climate, surface water
hydrology, and a description of recharge and discharge components of a prdiminary water
balance for the area around the ste. A preiminary sudy area outline that includes recharge and
discharge aress that affect groundwater flow conditions a the mine site is presented in Figure 3.
The extent and boundaries of the preliminary study areais discussed in Section 1.4.

Previous Studies

Information and data from the following studies, dso lised as references cited in Section 4.0,
have been incorporated into this Work Plan. A brief annotation follows these references:

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
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131

Huxel, C.J., J., 1969, Water Resources and Development in Mason Valley, Lyon and
Mineral Counties, Nevada, 1948-1965, Nevada Divison of Water Resources Water
Resources Bulletin No. 38 prepared in cooperation with the U.S. Geologica Survey (this
is a comprehensve hydrologic study of the Mason Valey area including water budgets
and effects of agriculture on surface and groundwater quaity and quantity).

Sdtz, Harold, Van Denburgh, A.S. and La Camera, Richard J., 1982, Ground Water
Quality Downgradient from Copper Ore Milling Wastes at Weed Heights, Lyon County,
Nevada, U.S. Geologica Survey Open File Report 80-1217 (this study presents
hydrologic and geochemicd data on the effects of mining on groundwater qudity from a
number of monitor wells, most of which are no longer operationd).

Proffett, JM., J., and Dilles, JH., 1984, Geologic Map of the Yerington Didtrict,
Nevada, Nevada Bureau of Mines and Geology, Map 77.

Dalton, Dennis, 1999, Arimetco Yerington Mine and Process Facility Ste Assessment of
Groundwater Quality, consultant report prepared for Arimetco, Inc. for submittd to
NDEP (interpretations of data presented in this report alege that potential impacts from
Arimetco operations could not be diginguished from pre-exiding impacts from
Anaconda operations).

Fedmont Engineering, 2001, Yerington Shallow Aquifer Data Evaluation Report,
consultant prepared for ARCO, March 20, 2001 (interpretations of data presented in this
report support specific working hypotheses to be verified.

Applied Hydrology Associates, 1983, Evaluation of Water Quality and Solids Leaching
Data, consultant report prepared for Anaconda Mineras Company, May 25, 1983
(interpretations of groundwater data are compared to the Seitz et. d. report; this report
includes surface water and solids leaching data in addition to groundwater sampling).

Applied Hydrology Associates, 2002, 2001 Annual Monitoring and Operation Summary:
Pumpback Well System, Yerington Nevada, consultant report prepared for Atlantic
Richfidld Company provides groundwater elevation and water qudity data for the
pumpback and associaled monitor wels dso incudes pumping rates and time-
concentration plots for sdect condituents, this report helps to interpret the effectiveness
of the pumpback wdl sysem in limiting down-gradient migraion of impacted
groundwater).

General Geology

The Yeington Mine dte is located on the west dde of Mason Vdley, a dructura basn
surrounded by the mountain ranges described above. The aea is typicd of basin-and-range

topography. The mountain blocks are primarily composed of granitic, metamorphic and volcanic

rocks with minor amounts of semi-consolidated to unconsolidated dluvid fan deposits  The

Singatse Range has been subject to metds minerdization, as evidenced by the large copper

porphyry ore deposit a the Y erington Mine.

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
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Proffett and Dilles (1984) published a geologic map of the Yerington Didrict. This mgp
(reproduced as Figure 4) and geologic cross-sections (a portion of two cross-sections, AA’ and
C-C, through the mine Ste are reproduced as Figures 5 and 6, respectively) provide important
information on the relationship between bedrock and aluvid depodts a the mine dSte that may
influence groundwater recharge, discharge and flow. Geologic boundary conditions that may

affect groundwater flow are shown on the map and cross- sections.

Unconsolidated dluvid deposts derived by eroson of the uplifted mountan block of the
Sngase Range and dluvid materids deposted by the Waker River fill the sructurd basin
occupied by Mason Vadley in the vicinity of the mine ste.  These unconsolidated deposits,
collectivdy cdled the vdley-fill deposts by Huxd (1969), comprise four geologic units
younger dluvium (induding the lacustrine deposits of Lake Lahontan), younger fan depodits,
older dluvium and older fan deposits.

Lake Lahontan lacustrine deposits appear to have been removed and reworked by the Walker
River as it meandered back and forth across the valey Huxe (1969). Huxd estimated that
Pestocene Lake Lahontan in Mason Vdley persiged for a reaively short time, and was less
than 60 feet deep. Table 1, reproduced from Huxe (1969), presents the lithologic and
hydrologic characterigtics of the aluvid depodts and bedrock units of Mason Valey. These
hydrogiratigraphic units underlie the mine ste and portions of the surrounding study area.

Satz e. d. (1982) confirmed the geologic setting of the area around the mine Ste based on
exiging informaion and the sub-surface information obtained through the drilling of test (i.e,
monitor wells) north of the ste by the U.S. Geologicd Survey in 1978. Alluvid fan depodts
adong the west margin of the valey and sream and lake-deposited materias on the valey floor
underlie the tallings and evaporation ponds. Setz et. a. produced the following composte
lithologic log from USGS test wedl 1A and nearby Anaconda wel 35, using logs from the
origind and second wdlls

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
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Material * Thickness (feet) | Depth (feet)

Sand, fine 5 5
Sand. fine. Silty 1 6
Sand, silty 13 19
Sand, very fine 7 26
Silt, clayey 3 29
Sand and clay 31 60
Clay, hard 3 63
Sand and clay, interbedded 75 138
Gravel, coarse 14 152
Sand, coarse, with thin layers of clay 224 376
Gravel, coarse, hard 7 383
Sand, coarse, with some thin layers of clay 29 412
Sand and gravel, coarse, firm 8 420
Conglomerate (coarse gravel with matrix of finer-grained 30 450
sediment; consolidated)

Consolidated rocks, volcanic 30 500

1 Sources of data: 029 feet, Geological Survey well 1A; 29-420 feet, Anaconda second well 35; 420-500 feet, Anaconda
original well 35.

In the area of the evaporaion ponds, where recent pumpback well drilling and dte investigations
have been conducted, the shalow dluvium was described by Applied Hydrology Associates
(AHA, 2001) to be composed of the following hydrogtratigraphic units.

= Shdlow Zone, a dominantly slty sand sequence from the natura ground surface to the
top of the Shallow Clay (between 30 to 40 feet below the natural ground surface);

= Shdlow Clay, a dominantly day sequence including the didinctive blue-gray clay to a
depth of about 40 fest;

* Intermediate Zone, a dominantly slty sand and interbedded sand and clay sequence that
extends from the base of the gray clay to the Deep Clay;

* Deep Clay, the shdlowest of severd discrete clay layers bedow the Intermediate Zone
that occurs between about 80 and 85 feet; and

=  Deep Zone, from the base of the Deep Clay to the bedrock base of the dluvid aquifer.

This successon of hydrogratigrgphic units in the dluvid groundwater flow sysem likdy results
in horizontd hydraulic conductivity vaues (generdly pardle to bedding) being much grester

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
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than verticd conductivity values (perpendicular to bedding), with the resulting anisotropy as
great as two orders of magnitude. The area of pumpback and monitor well ingalation described
by Piedmont Engineering is approximately 1,000 feet west of the area of tet wel 1 and
Anaconda well 35 described by Seitz e. a., and tabulated above.  Observed lithologic
differences between the two areas likely reflect facies changes in the fluvid and lacudtrine
depogtiona environments found in the dluvid aguifer a the northern boundary of the mine ste.

Atlantic Richfidd ingdled two additiond shdlow monitor wels in the area north and northwest
of the mine dte in June 2002. These wdls were drilled with a core rig to collect detaled
lithologic information from the shdlow dluvid aguifer. Core samples generdly conssted of a
rdaivdy unifom mix of fine-graned sand, sSlt and cday dgze fractions with little interna
gructure (i.e, bedding, laminaions, etc.). The exception to the homogeneous character of the
core samples occurred immediately above and at the depth where groundwater was intersected in
one of the boreholes. At this horizon, fine day laminations with minor folding or “dump’
features were observed. Samples just above the top of the water table in both monitor well
boreholes generaly contained higher clay contents than those below.

1.3.2 Groundwater Flow Conditions

Stz et. d. (1982) reported that groundwater recharge to the area of the mine site occurs mostly
by percolation from the Waker River and its tributaries, and from irrigation ditches and flood-
irrigated fidlds, as described by Huxd (1969, p. 27). Setz €. d. depicted generdized
groundwater eevetion contours north of the mine dte for the shdlow dluvid aquifer,
reproduced in this Work Plan as Figures 7A and 7B (groundwater elevations are presented in feet
above the 4,300-foot eevation on both maps). Figure 7A depicts devations in January 1978,
presumably when irrigation effects on flow direction and gradient ae minimd. Fgure 7B
depicts eevations in September 1980, when irrigation effects on flow direction and gradient are
ggnificant (i.e, towards the end of the irrigation period). As of September 1980, depths to
groundwater ranged from 1 to 9 feet below land surface Seitz et. d. (1982).

Seitz et. d. (1982) attributed a rise from 4.3 to 6.1 feet of groundwater eevations measured in
the shdlow aguifer between January and September 1978 to the “cessation of industrid-wdl

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
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pumping when mining and milling terminated in mid-year” or to “the irrigation of dfdfa fidds
in the study area with river water during the spring and summer of 1978". By September 1980,
Saitz . d. noted that the water table had risen even more and that the configuration of the water
table shifted. This change in the direction of shdlow groundwater movement from north to
northwest isreflected in Figures 7A and 7B.

Satz et. d. (1982) concluded that some of this change was due to irrigation effects at the time of
the 1980 measurements, while most of the change resulted from the cessation of indudtrid (i.e,
mining-related) pumping. The rdaive importance of the indusriad pumping to the observed
change is not condgent with Huxd’s concluson that the mine-rdated pumping had little or no
obsarvable affect on the groundwater flow in the dhdlow dluvid aquifer, and with the
conceptud model presented in Section 2.0 (i.e, it is more likdy that irrigation recharge would
have a more direct and immediate effect on water leves in the shalow aguifer than effects from
deeper pumping). Seitz et. d., (1982) noted that the elevated water table was evident by the
“inundation of low-lying features such as borrow pits and the low-gradient drainage ditches,
particularly the Wabuska Drain”.

In addition to the empirical observations of hydrogeologic conditions described above for the
aea immediately north of the mine dte, Satz e. d. goproximated the down-gradient (generdly
northward) velocity of groundwater flow through the study area by usng esimates of hydraulic
propeties including tranamissvity, effective porodty, and water-teble gradient. This andyss
incorporated a corrdation of aguifer transmissvity to specific capacity, wel drilling data for the
deeper Anaconda wells, and standard assumptions about well efficiencies (eg., fully efficient)
and aquifer characteridics (eg., homogeneity and isotropy) to caculate hydraulic properties of
the shalow aquifer.

Usng these properties, and the following equation, Seitz et. d. (1982) edtimated the average
veocity of groundwater flow in the dluvium north of the mine

v = T(dh/dl)/bq

1
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Saitz et. d assumed an average transmissvity vaue (T) of 7,000 feet squared per day, an average
effective porosty of 0.15 (q) for the uppermost 500 feet @) of saturated sedimentary deposits,
and an average water-table gradient of 0.002 (dh/dl). Based on these hydraulic properties, the
average groundwater velocity (v) was estimated at 0.2 foot per day (about 75 feet per year). This
edimate of velocity was, a best, only an order-of-magnitude vaue because it was based on very
limited aquifer data (Seitz et. d., 1982).

Avalable wdl condruction information from the monitor wels ingdled by the U.S. Geologicd
Survey and described by Setz et. d. (1982) are provided in Appendix A. Appendix A dso
incdudes availadble wdl condruction information from dl dte monitor wels and pumpback
system wells ingaled through June 2002. Figure 8A shows the locations of dl groundwater
monitoring locations within the sudy area, including the following types of wdls (or borings):

= Stemonitor and pumpback wells,

= Production and dewatering wells,

= Hydropunch boring locations;

=  Domedtic wellsthat have been monitored for water quaity; and
= Waelsthat have been abandoned or lost.

Figure 8B dso shows the locations of mine ste monitor wells, including those monitored in June
2002. Fgure 8C shows the locations of domestic wdlls, including those monitored in June 2002.
Both figures show the locaion of the Phipps domestic wdl, which has been included in recent
groundwater monitoring reports (eg., Pledmont, 2001 and AHA, 2002) dong with other Ste
monitor wells.  Groundwater eevation and water quaity data from the June 2002 monitoring
event are discussed below (water quality datain Section 1.3.8).

Figure 9 reproduces the potentiometric surface contours in August/September 1999 for the
shdlow aguifer from Piedmont Engineering Inc. (2001). This map depicts groundwater
eevation information from the avalable monitor wells on the north sde of the mine dte and
from hydropunch data collected in 1999, and presents groundwater flow directions perpendicular
to the contours. Wells used to compile the contour map include pumpback wells and monitor
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wells screened in the shdlow dluvid aguifer (nomindly, the upper 60 to 100 feet of saturated
thickness). The method for incluson of the pumpback wels may be the cause of the reativey
deep gradients shown in Figure 9 for the northern portion of the mine dte. The contouring
method appears to have trested the pumping water levels in the 11 pumpback wells in a smilar
fashion as the groundwater eevations in monitor wells and hydropunch locations.  Groundwater
elevations measured in pumping wells may be lower than in the adjacent aquifer due to to wdl
inefficiency.

The complexity of the contours and flow paths in the area of the mine shown in Figure 9 may
result from the use of groundwater devation data from wells screened, and hydropunch
completions, in hydraulicaly digtinct portions of the aquifer and, more certainly, by the effects
of the pumpback well system located dong the northwestern margin of the mine ste (i.e, kriged
groundwater elevation contours can misnterpret the shape of a drawdown cone around a

pumping wdl).  During the August/September 1999 period when these water eevation
measurements were made, the pumping rates for the PW wellswere:

WELL AVERAGE PUMPING RATE (gpm)
August/September 1999
PW-2 12.39
PW-3 1134
PW-4 287
PW-5 243
PW-6 3.93
PW-7 312
PW-8 3.90
PW-9 4.08
PW-10 263
PW-11 597

No records were available for PW-1 during this period. The totd of the pumpback wdls listed
above is 5266 gpm. Invedtigations proposed in this Work Plan will evduate the area of
influence (i.e, cone-of-depresson) of the pumpback wels and their effect on groundweter flow
in this area of the mine ste. Some of the older pumpback wells (PW-2 and PW-4) and dl of the
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newer pumpback wels (PW-6 through PW-11) had pumping water levels between 10 and 20 feet
below the surrounding potentiometric surface.

Based on water devaions measured in nearby monitor wells, pumpback wells PW-8 through
PW-11 gppear to influence the shdlow dluvid aguifer, incuding monitor well W5BB, located
northwest of PW-11. PW-7 was not pumping &t the time of the measurements (Pledmont, 2001),
resulting in a water level in this pumpback well tha might more clearly reflect the actud
potentiometric surface at this location.

Figure 10A presents a groundwater eevation contour map for the same area based on water level
measurements for ste monitor wells in June 2002, Groundwater eevations range from 4,340
feet and on the east Sde of the map to approximately 4,332 feet and on the west sde of Figure
10A. These eevations gppear to represent an east-to-west gradient, and a generd decline of the
water table snce August/September 1999 in this area of about five to eight feet. Figure 10B
presents a groundwater eevation contour map for an expanded area of the mine site.

The larger decline of about eight feet is located at the base of the dluvid fan (west sde of map
in Figure 10A), posshly suggedting the effect of generdly lower precipitation in the Singatse
Range over the lagt three years. The decline of gpproximately five et in the area of the mgor
recharge source (east Sde of map in Figure 10A), the agriculturd area northeast of the mine ste,
a so represents the low precipitation conditions experienced over the last three years.

During the June 2002 period when these water devation measurements were made, the pumping

rates for the PW wdlswere:
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AVERAGE PUMPING RATE (gpm
WELL June 2002 e
PW-1 1141
PW-2 827
PW-3 6.64
PW-4 7.53
PW-5 3 (estimated)
PW-6 2.83
PW-7 0.81
PW-8 0.10
PW-9 0.28
PW-10 0.22
PW-11 0.34

Pumping records for well PW-5 are not maintained due to mineral precipitation problems on the
flow meter; the well averages about 3 gpm (Nick Hatfield, AHA; pers. comm., 2002). The tota
of the average pumping rates for the wels listed above in June 2002 is 41.41 gpm. This tota
includes PW-1, which was not included in the August/September 1999 tota described above.
Thus, there was less extraction of groundwater by the pumpback well system in June 2002 than
in August and September 1999, particuarly for PW-7 through PW-11. The lower extraction
rates may be explained by the lowered water table on the northwest side of the mine site.

The contours were drawn in Figure 10A to include data from the more shdlow completion of
three sets of nested monitor wells (USGS-13 and W32DC; USGS-2B and WACB; W5AB-2 and
W5AB-3). In each of these nested pairs, the degper completion (i.e,, screen interval) results in a
lower measured groundwater devation. This condition suggests a downward verticad gradient in
the shdlow dluvid aguifer a the north end of the mine dte, in which there is the potentid for
groundwater to move verticdly downward as wdl as laterdly, perpendicular to the contours
shown in Figure 10A. The ability of groundwater to move verticaly downward is a function of
the veticd gradient and the verticd hydraulic conductivity of the dluvid materids incuding
the presence or absence of aguitards (e.g., clay layers) that can impede such movement.

The degper portions of the dluvid aguifer flow sysem underlying the Yerington Mine Ste were
pumped to provide process water during mining operations, which likely resulted in groundwater

1
Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
It should not be relied upon; please consult the final report.



ATLANTIC RICHFIELD COMPANY DRAFT GROUNDWATER CONDITIONS WORK PLAN

flow toward the pumping wells in these degper zones. Since the cessation of industrid pumping
in 1978, flow directions in the deep aquifer have presumably resumed a more northerly flow
direction (Seitz, et d, 1982). Data are not available to characterize groundwater flow conditions
in the deeper portions of the dluvid aquifer.

Avalable groundwater eevation hydrographs for the monitor wells shown in Fgure 8B ae
presented in Appendix B. The information used to create the hydrographs is contained within
the mine Ste database maintained by Brown and Cddwel for Atlantic Richfidd.

1.3.3 Climate

Huxd (1969) summarized the climate of the Mason Vdley aea as aid to semi-arid.
Precipitation generdly occurs as winter snows in the mountan blocks and  summer
thundershowers both on the mountains and valley floor. Precipitation averages 20 inches in the
mountains and 5 inches on the valey floor. Huxd (1969) cited an evgporeion rae of
approximately 4 feet, and described prevaling winds and storm trgectories that cross the valley
as being generdly from the west. The estimated pan eveporation rate for the dte is about 37
inches per year based on data from Fdlon, which has a gmilar climate (Fledmont Engineering,
2001). The precipitation and evaporation data indicate a water balance strongly dominated by
evaporation, resulting in a net loss condition for the vdley floor and lower dluvid fan aress
where the Yerington Mine dte is located. Atlantic Richfidd is currently collecting Ste-specific
meteorologicd datain the area of the pumpback wells.

1.3.4 Groundwater Budget

Recharge to groundwater in the vadley-floor deposts in Mason Vdley results from the
percolation of runoff from snowmdt and extreme ranfdl events, direct precipitation and
recharge from the Waker River and irrigation cands and ditches Huxed (1969) estimated the
recharge from precipitation (runoff and direct) to the valey-floor aquifers a only 1 percent of
the totd annud precipitation in the Mason Vdley hydrographic basin.  In his water budget
cdculdions for the basin, Huxe egimated approximately 2,000 acre-feet per year (3 percent of
total) is recharged from precipitetion to the valey-floor aquifers and 70,000 acre-feet per year
(97 percent of totd) is recharged from the river and associated agricultura diversons.  In the
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basin-and-range province in western Nevada, little or no recharge from direct precipitation on the
valey floor is dlocated in hydrographic basn water budgets (eg., Maxey and Eakin, 1949).
Huxd (1969; Table 12) indicated that less than 0.1 percent of the basn groundwater budget, or
less than 100 acre-feet per year, of tota recharge occurs by direct precipitation on the valey
floor.

The minimad amount of edtimated recharge from direct precipitation on the valey floor results
from a combination of low precipitation rates (5 inches or less) and the large evapo-transpiration
(ET) capacity of the soils and ndtive vegetation in Mason Vdley. Huxd (1969) edtimated that
57,000 acre-feet per year (79 percent of tota recharge) of shdlow groundwater tapped by
phreatophyte roots would be discharged to the aimosphere.  Additional groundwater discharges
result from wdl pumping (municipa, indudtrid, agriculturd and smdl domegsic wels) and
agricultural drainage cands.  The water budget estimates provided in Huxd (1969) were
tabulated for the entire Mason Vdley, and these values represent general boundary conditions for
the Y erington Mine Site and preliminary study area for the conceptua hydrogeologic modd!.

1.3.5 Surface Water Hydrology

The principad source of water in Mason Vdley is sreamflow in the Waker River sysem (Huxd,
1969). The East and West Waker Rivers originate in the Sierra Nevada, fed by melting snow,
and merge south of the mine ste (Figure 1). The Waker River flows northward through the
vdley to Waker Gap, where it turns eastward and then southeastward to Weber Reservoir and
ultimatdy to its terminus to Waker Leke. The Waker River lrrigation Didrict (WRID) was
organized in 1919 to alocate Wdker River diversons in Nevada, and the U.S. Didtrict Court
defined exiging water rights on the river in Mason Vdley and throughout the Waker River
basin (Huxe, 1969).

Streamflow data on the Waker River in the Mason Vdley aea have been collected
intermittently since 1895, and continuoudy snce 1947 (Huxd, 1969). In generd, the greatest
volume of runoff in the Walker River basn occurs during the period from March to July, when
the winter snowpack in the Sera Nevada thaws. Exceptions to this pattern occurred during
winter flood events that accurred in 1937, 1950, 1955, 1963 and 1997 as a result of warm rain on

1
Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
It should not be relied upon; please consult the final report.



ATLANTIC RICHFIELD COMPANY DRAFT GROUNDWATER CONDITIONS WORK PLAN

the mountain snowpack. These winter floods are usudly of high intensty and short duration,
and do not typicaly produce the tota volume of surface flows from goring snowmelt (Huxd,
1969). The large volume of snowmdt runoff provides irrigation water, and seasond Sorage

upstream of Mason Vdley for use later in the irrigation season.

Huxd (1969; Table 7) presented surface water flow (i.e, gaging station) data for the period fom
1948 to 1965 that indicated average streamflow losses of gpproximately 109,300 acre-feet from
where the West and East Wdker Rivers enter Mason Vdley to where the Waker River exits at
Wdker Gap. This vdue is gpproximaely 50 percent of the average surface flows entering
Mason Vdley for the period of record. These data include the complex network of agriculturd
diversons, dthough irrigation return flows were not well quantified. Huxe (1969; Table 8) dso
presented surface water flow measurements from specific reaches of the East Waker River,
West Wdker River and the main gem of the Waker River that indicated streamflow gains in
March and November, and streamflow losses in May, June and September. The USGS has not
collected surface water flow data for stream losses or gans (i.e, seepage runs) in the Walker

River inthe Y erington area (Russ Plume, U.S. Geologica Survey; pers. comm., 2002).

1.3.6 Agricultural Applications

Acreage under irrigation in Mason Vdley increased from about 12,000 acres in 1940 to 15,300
acres by 1945, and to 23,400 acres by 1965. Huxd (1969; Table 11) presented information for
water use and acreage in Mason Valley for the period from 1880 to 1965, indicating that an
average of about 140,000 acre-feet per year were diverted to irrigate about 30,000 acres of
cropland. Huxd edimated that 41,000 acre-feet per year was consumed by the crops and
pasturdlands, and that the difference of approximately 100,000 acre-feet conssted of return flows
to the river, seepage losses from canals and laterds, and evapo-transpiration.

Huxe recognized that return flows to the river in the upper reaches of Mason Vadley were re-
diverted into downstream canas and ditches, such that some of water was measured twice in his
andyss. Specificdly, in the Yerington sub-area, approximately 9,700 acres of cropland and
pasture were irrigated by an average of 12,200 acre-feet.
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1.3.7 Wdl Pumping

Huxe (1969) summarized wel pumping information for municipd, indugtriad and irrigation uses
in Mason Vadley. Groundwater pumping associated with mining and milling operations at the
Yerington Mine average gpproximately 3,400 acre-feet per year and other industrid uses were
edimated at less than 100 acre-feet per year. The city of Yerington pumped approximately 550
acre-feet in 1966 to supply 610 users. Rurd pumping for domestic and stock watering uses was
estimated to be about 400 acre-feet in 1965. More current well pumping data, as available, for
the area associated with the mine dte will be acquired as part of the investigations conducted
under this Work Plan.

Average gross and net vaues for pumping of groundwater for irrigation use were estimated by
Huxe (1969; Table 15) for the period between 1959 and 1965 (including the 1959 to 1962
drought period) as 70,000 acre-feet and 46,000 acre-feet, repectively. The difference between
gross and net pumping is the amount of pumped groundwater that returns to the valey-floor
aquifer (approximately one-third of the gross vdue). Huxd (1969; page 36) concluded that the
localized pumping by the Anaconda Company a the Yerington Mine caused little change to the
groundwater regime in the adjacent area of the vadley. As noted previoudy, this concluson
gppears to differ from that of Stz ¢. a. (1982) with respect to the importance of mine-related
pumping to the observed change in groundwater devation contours reproduced as Figures 3 and
4 of thisWork Plan.

Pumping and application of groundwater from deeper portions of the dluvid agufer for
irrigation water is an important influence on groundwater conditions in the northern portion of
the mine dte. At the present time, the amount and qudity of groundwater pumped and applied is
not avalable  This information, as avalable will be collected as pat of this Work Pan.
Groundwater extraction data from the pumpback well sysem dong the northwest portion of the
mine Site are presented in Appendix B.

1.3.8 Groundwater Quality
Huxd (1969; page 44) characterized the chemistry of surface water flows entering Mason Vdley
as a cdcium-bicarbonate type, and the chemidry of flows exiting the valey as a “more
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concentrated  sodium-cadcium-bicarbonate type with much greater portions of aulfae and
chloride’. *“The increase in both dissolved solids and volume of flow within the valey, dong
with pronounced increases in sodium, sulfae and chloride dl indicate that the river was
receiving dgnificant contributions of groundwater during the sampling period.  Groundwater is
contributed by laterd and upward percolation into cands, drainage ditches, and the river”
(Huxel, 1969; Table 23).

Huxd (1969) recognized that groundwater quality varied from cacum-bicarbonate types to
sodium-sulfate types in the valey-fill dluvium as a funcion of depth, latera postion, and
texture and compodtion of the aguifer materids. He concluded that groundwater in Mason
Vadley with the greatest concentration of total dissolved solids (based on specific conductance
measurements) resulted from culturad  activities such as the recyding of irrigation waer and
discharges of mine process water (i.e, acid and talings fluids) eevated in iron and sulfate.
Huxd (1969) was able to correlate areas of low specific conductance with high sand and gravel
gran gzes in the vdley-fill dluvid materids, and indicated that “subgtantid quantities of good-
qudity surface water are dble to infiltraie the vdley fill during high flows’. “The high spedific
conductance of water from shdlow wdls, auger holes and drainage ditches in the Wabuska sub-
area reflects the concentration of salts caused by subgtantial natural discharge.”

Huxe (1969; page 52) dso recognized that “agriculturd development in a basin having areas of
naturd ground-water discharge and inadequate drainage usudly is accompanied by a
deterioration of water quality”. Waterlogged dluvium in the Wabuska sub-area was noted to
have increased the amount of evapo-transpiration losses by phreatophytes, which has caused the
accumulation of sdts in the soil and shdlow aguifers. Huxd edimated sdt losses from the river
to the vdley-fill aguifers (i.e, accumulations in groundwater) in the range of 12,000 to 20,000
tons for the drought period from 1960 to 1962. Some percentage of accumulated salt would exit

Mason Valley as“windblown dust or, to alesser extent, as components of exported crops’.

Satz e. a. (1982) documented hydrogeochemica conditions down-gradient of the Yerington
Mine dte from 1976 through 1978. The USGS dudied the extent of possble groundwater
contamination by drilling monitor wells located north and northesst of the talings ponds (17
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wells at 13 locations shown in Figures 7A and 7B of this Work Plan). Shdlow wdls were
screened in the shdlow unconfined dluvid aquifer, “within the uppermost five feet of saturated
sedimentary deposits’.  Deeper monitor wells were congructed a four of the 13 locations (dtes
1, 2, 4 and 5) with screen intervas from 27 to 29.5 feet below ground surface (bgs). The deeper
wells were desgnated 1A, 2A, 4A and 5A (Seitz, et. a. 1982). Groundwater samples were
collected for chemicd analyss from the wells and mine process fluidsin 1978.

Satz et d. (1982) dso characterized process waters from the mine dte, including talings water
from the recycling ditch, seegpage from the tailings pond and resdua brine from one of the
evgpordion ponds “The dkadine talings fluid contains about 1,100 mg/L of dissolved solids
dominated by cdcium and sulfate, with only smal concentrations of dements such as copper
that normaly are condituents of natura water”. “Seepage from the talings pond is likewise
dominated by cadcium and sulfate, but it has a much lower pH, a somewha greater dissolved-
solids concentration (about 1,500 mg/L), and much greater concentrations of copper and zinc.
The seepage presumably represents tallings water tha has changed chemicdly during
percolation through the tallings pile.”

Setz e. d. dso evauated groundwater qudity data from sx Anaconda water-supply wells
located down-gradient from the tallings and evaporaion ponds. These wdls are screened a
depths ranging from 50 to 455 feet below the land surface and were sampled by Anaconda from
1974 to 1979. Of the sx wells, four showed an increase in TDS concentration over the sampling
period. Increases in cdcium and magnesum reative to sodium in the wells showing increasing
TDS were atributed to percolating acid wadte fluids dissolving carbonate minerds and ion
exchange with day minerds  Sdatz e a. (1982) concluded that contaminated shalow
groundwater was a locdized occurrence, within 0.2 miles down-gradient of the ponds. This
study recommended continued monitoring of the shalow and deep aquifers.

Stz e, d., (1982) concluded that the influence of degp aquifer pumping had induced the
downward migration of mining-impacted shadlow groundwater. “Deeper ground water nearest
the waste-disposd ponds has deteriorated appreciably in quality during the period of heavy
pumping, and geochemical evidence implicates the acid brine or acidic percolation from the
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tallings ponds, or both. The ared extent and severity of deeper contamingtion are as yet
limited.” Seitz dso dates that, with changes in the direction of groundwater flow following the
cessation of industrid pumping, dightly to moderately contaminated deeper groundwater may
spread in adown-gradient (i.e., northward) direction.

Two monitoring wells W5AB-1 and W5AA-1 (Figure 8B), have been used to represent
groundwater qudity in the deeper dluvid aguifer snce 1983 (Piedmont Engineering, 2001).
Time-concentration plots of dissolved iron and sulfate in these two wells over the period of
record indicate that further degradation of the deep aguifer has not occurred (Piedmont
Engineering, 2001). Additiond data would improve the understanding of the potentid down-
gradient migration of impacted groundwater in desper portions of the aluvid aquifer.

Applied Hydrology Associates (AHA, 1983) examined hydrogeochemical conditions in the area
north of the Yerington Mine dte in 1983, including sampling and andyss of groundweater from
USGS test wdls and sdected domestic wells.  Surface water samples from five locations dong
the Wabuska Dran were dso collected for chemica analyss. In addition, AHA collected
materiad samples from surface mine units including talings and evaporation ponds, and three
locations dong the Wabuska Drain for leach testing. Leach tedts were performed on these
samples to gan some idea of the potentid contaminants that may be associated with water
percolating through these materid's and entering the groundwater system below these locations,

Anaytical results from these invedtigations were compared in AHA (1983) to the results
presented by Seitz et. d. AHA documented increased sulfate and TDS concentrations for most
wells, particularly USGS wdls 2B, 7 and 13. However, AHA noted that TDS and sulfate
concentrations regpidly declined with increasing distance from the evaporation pond area a the
northern margin of the mine ste.  AHA dso noted that increases in the concentration of copper,
iron, leed and manganese in these wells were smilar to the leachate from the evaporation ponds,
suggesting that the leaching of evaporation pond sediments & some time may have been a
potentiad source for groundwater contamination (AHA, 1983). This view was supported by
oxygen and deuterium dable isotope andyticd results from these wdls, which indicated tha
groundwater mixed with highly evaporated water.
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Domegtic wells sampled by AHA (1983) in the northeastern portion of their study area did not
show evidence of contamination. AHA aso sampled surface water from four locations in the
Wabuska Drain adjacent to the tailings and evaporation ponds a the northern margin of the mine
gte. The Wabuska Drain, described in more detail in Section 1.3.9 and the Draft Wabuska Drain
Work Plan (Brown and Cddwdl, 2002b), was designed to intercept shalow groundwater in the
dluvid aguifer. The generd chemicd trend for the four Wabuska Drain samples near the mine
was an increase in TDS and most mgor ions in the direction of flow (AHA, 1983). Cadcium
decreased dightly in the direction of flow and bicarbonate decreased, coincident with a decrease
in pH. In addition, there was an increase in iron, manganese and copper in the direction of flow
in the Drain. Subsequent NDEP sampling of this area near the mine (reviewed in Brown and
Cddwdl, 2002b), showed that water quality samples from Drain locations progressvely north of
the mine Steimproved in quality.

McGinnis and Associates (2000) reviewed the above hydrogeologic and groundwater qudity
dudies & the Yerington Mine dSte, and summarized associated groundwater qudity data from
various sources.  This report concluded that the didribution of condituents of concern in
groundwater could not be accurately determined with currently avallable data  This report dso
concluded that the pumpback well sysem has not contained impacted groundwater and further
studies are needed to define the extent of the plume.

Piedmont Engineering (2001) evaduated the plume of contaminated groundwater a the northern
margin of the mine ste. Contour maps that compare pH, sulfate and iron concentrations between
1986 and 1999 indicate that, for the 13-year period of pumpback well system operations:

= The extent of lower pH vaues (4, 5 and 6 standard unit-contours) retracted back towards
the interior of the northern portion of the mine dte (Figures 11A and 11B of this Work
Man);

= Sulfate concentrations, usng the 1,000-mg/L contour as the bads for comparison, did not
noticeably change (Figures 12A and 12B of this Work Plan); and

= Jron concentrations, usng the 100-mg/L contour as the basis for comparison, did not
noticeably change (Figures 13A and 13B of this Work Plan).
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The Nationa Applied Resource Sciences Center (NARSC) of the U.S Bureau of Land
Management conducted two surface geophysical surveys in April 1999 (eectromagnetic
induction and direct current eectrical resdivity) to evduate the extent of a “groundwater
plume’ of conductive groundwater associated with the mine dte (NARSC, 1999). The “plume’
was interpreted to reside in the uppermogt dluvid aguifer with potentid localized impacts in the
intermediate dluvid aguifer. NARSC (1999) interpreted the “plume’ to extend north over 4,000
feet from the mine ste boundary. Beyond this distance, the “plume’” was not detectable due to a
gan in topogrgphic eevation, a decrease in condituent concentrations and/or an increase in
depth to water. The uncertainty of the geophyscad information a this northern boundary of the
survey may have resulted from the lack of supportive information (eg., drill logs for use in
cdibrating surface results). NARSC concluded that the pumpback wel sysem may not be
preventing a “continued release to down-gradient areas’ and recommended supplementa
investigations to provide for a more complete understanding of the survey results.

Additional groundwater quality data from the area north of the mine ste (covered by the NARSC
geophysicd surveys) was acquired by hydropunch sampling in 1999 (Fledmont Engineering,
2001). Sulfate concentration data from this sampling event (e.g., HP-23, HP-04, HP-21 and HP-
25) shown on Figure 6 of the Piedmont Engineering report, and reproduced as Figure 12B of this
Work Plan, suggeds that the extent of groundwater north of the mine Ste with devaed sulfate
concentration is generdly limited. Because aulfate is the primary condituent of Tota Dissolved
Solids (TDS) in groundwater associated with the mine site, and TDS can be directly corrdated to
the eectrica conductivity of groundwater, the sulfate data collected in 1999 do not support the
NARSC conclusions regarding the extent of the plume north of the mine ste.

The Superfund Technical Assessment and Response Team (START, 2000 and 2001) prepared a
Site Assessment and Find Report that indicated concentrations of groundwater sampled and
andyzed from monitor wel MW-5, located dong the southwest margin of the unlined
evaporation pond (Figure 2), exceeded the primary maximum contaminant levels (MCLs) for
asenic, beryllium, cadmium, chromium, leed and sdenium. The occurrence of these
condtituents in groundwater associated with the mine ste will be evauaed as part of this Work
Pan.
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Groundwater qudity data from adl avaldble referenced sources in this Work Plan are
summarized in Appendix C, provided as a CD-ROM, derived from the mine Ste database
mantained by Brown and Cddwel for Atlantic Richfidd. In addition to pH, condituents that
have been used to identify groundwater effects from historic mining operations and current
conditions include iron and sulfate (eg., Figures 11A through 13B). The presence of other
condituents in groundwater that exceed primary maximum contaminant levels (MCLS), such as
the possble condituents of concern (COCs) identified in the START (2001) report (arsenic,
beryllium, cadmium, chromium, lead and sdenium), will be invedtigated as pat of this Work
Plan to determine if they result from mine-related impacts, from other nonr-mining activities, or

from ambient groundwater conditions.

Tables 4 and 5 present water qudity data for the ste wels and for the domedtic wdls,
respectivdly, sampled in June 2002 (note that some domedtic wells are subject to a
confidentidity agreement between the owners and the EPA, and data from these wells are not
presented in this Work Plan). The locations of these wdls are shown in Figures 8B and 8C,
regpectively.  Andytica results for dissolved condituents from the June 2002 sampling event for
dte wells (Table 4) indicate that the area delinested by the 1,000 mg/L sulfate contour (Figure 6
of the 2001 Piedmont Enginesring report; Figure 12B of this Work Plan) is generdly smilar to
the area of mine-related groundwater shown in Figure 14. This area is aso characterized by low
pH and devated concentrations of TDS and iron. Other potentia condtituents of concern (i.e,
those that locally exceed primary MCLs in one or more ste wdls sampled in June 2002) include
nickd, lead, fluoride, copper, chromium, cadmium and beyllium. The northern extent of the
aea shown in Fgure 14 extends beyond the pumpback wel sysem, but is limited by the
andytica results from monitor wells MW2002-2, W5BB, MW2002-1, USGS-13 and W5AA-1.

TDS and sulfate concentrations that exceed 2,000 and 1,000 mg/L, respectively, may not be
associated with mine-related impacts to groundwater at the sSte. These values may represent
“ambient” groundwater qudlity at the dite, an hypothesis to be tested as part of this Work Plan.

The sporadic occurrences of arsenic concentrations above 0.01 mg/L in the sampled monitor
wells may not be directly associated with groundwater impacts benesth the site.  Naturdly
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occurring arsenic, at the concentrations reported for the Yerington Mine Site, in groundwater in
western Nevada is common (e.g., Reno, Washoe County, Carson City, Douglas County, Fallon)
and is not necessarily associated with base or precious metds mining.  Arsenic occurrences
associated with the mine site will be investigated as part of this Work Plan.

Anaytical results (tota concentrations) from domestic wels sampled in June 2002 (Figure 8C
and Table 5) indicate the following:

= Sx domedic wdls northwest of the mine ste, including the Phipps wel, have neutra pH
vaues (7.84 to 8.26), TDS concentrations in the range from 310 to 860 mg/L, sulfate

concentrations in the range from 53 to 330 mg/L, and arsenic concentrations in the range
from 0.03 to 0.044 mg/L.

= One domedic wel north of the mine ste (WDW-19) showed neutral pH (7.44 s.u.), TDS
at 840 mg/L, sulfate a 270 mg/L, and arsenic a 0.004 mg/L.

=  One domestic well DW-43, located northeast of WDW-19, showed neutral pH (7.49 su.),
TDSa 410 mg/L, sulfate at 76 mg/L, and arsenic at 0.004 mg/L.

= One domedic wel between the mine ste and the Sunset Hills sub-divison (DW-04)
showed neutra pH (7.79 su.), TDS a 1,000 mg/L, sulfate at 440 mg/L, and arsenic
below detection (0.001 mg/L).

= Domedic wels in the Sunst Hills sub-divison have neutrd pH vaues (7.49 to 8.04),
TDS concentrations in the range from 390 to 980 mg/L, sulfate concentrations in the
range from 130 to 290 mg/L, and arsenic concentrations in the range from 0.016 to 0.018

mglL.

Based on these andyticd results, and the assumption that eevated ambient TDS, sulfate and
arsenic concentrations in this part of western Nevada are common occurrences, it appears that
none of the domegtic wells sampled in 2002 have been affected by mine-related water from the
Y erington Mine Site.

1.3.9 Related Surface Water Features

Two surface water features that are strongly linked to groundwater conditions at the Yerington
Mine Site are briefly discussed in this section. These features are te Yerington Fit Lake and the
Wabuska Drain, and both are subjects of specific Work Plans that will be developed pursuant to
the SOW.
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Y erington Pit L ake

The Yerington Pt Lake is currently the subject of a Ph.D. dissartation by Mr. Ron Hershey of the
Universty of Nevada, Reno (UNR) and the Desart Research Inditute (DRI), affiliated with
UNR. In addition, PTI Environmenta Services (PTI, 1997) published the results of a study
performed on the Yerington Pit Lake (Anaconda Lake, one of three pit lakes evauaed in this
sudy). The Universty of Utah conducted additional pit lake studies for the NDEP.

The Yeington Pit intercepts groundwater flow from the bedrock and dluvid flow systems at the
southern end of the mine ste (Figure 2). As a result of mitigation efforts to reduce the impact of
Waker River flooding in the Yerington area in 1997, floodwaters were diverted into the pit.
Subsequent attempts to eiminate the diverson have not been completely successful, and seepage
from the river through the dluvium surfaces within the pit highwal and flows into the pit lake a
rates of gpproximatey 100 to 120 gpm. In addition, groundwater inflows into the pit from the
dluvid aguifer occur dong the bedrock-aluvium contact a rates up to approximately 50 gpm,
and inflows from the bedrock groundwater flow system occur a unknown rates. Additiond
inflows occur as direct precipitation and associated highwal runoff. Pt water lost to the
amosphere by evaporation isthe find water baance component of the Y erington Fit.

Wabuska Drain

The Wabuska Dran is an agriculturd return-flow drain located in northern Mason Vdley, Lyon
County, Nevada. The Dran originaes immediady north of the Yerington Mine Ste and is
digned to the north padt its intersection with the West Campbdll Irrigation Ditch, and through the
Paiute Indian Reservation. Further north, it crosses Highway 95A approximately one mile south
of the town of Wabuska, where it is digned to the east-northeast to its intersection with the
Waker River north of the Mason Valey Wildlife Management Area The Wabuska Drain is
goproximately 13.8 milesin length.

The Wabuska Drain operates by collecting runoff from crop irrigation and precipitation, and by
intercepting risng groundweter in the shdlow dluvium that rises to an devaion that intercepts
its base.  Risng groundwater levels result from natura recharge (seepage from the Waker River
or direct precipitation) and/or culturd recharge (seepage from agriculturd diversons such as the
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Campbd| Ditch and recharge from irrigated fidds). In addition to direct runoff from irrigated
fidds, runoff from direct precipitation on roads, streets and highways dso contribute to flows in
the Drain. Depending on specific dte conditions (eg., time of year, precipitation and runoff
events, climatic variations and agricultural practices), the Wabuska Drain can either serve as a
recharge component to, or a discharge component from, groundwater in the preiminary sudy

area.

1.4  Data Quality Objectives

In order to ensure that data of sufficient quality and quantity are collected to meet the project
objectives, the four-step Data Quality Objective (DQO) process listed below was utilized to
develop the activities described in this Work Plan:

= Step 1. State the Problem,

= Step 2. |dentify the Decision;

= Step 3. Identify the Inputs to the Decision; and
= Step 4. Define the Boundaries of the Studly.

The problem dtatement (Step 1) is as follows: “Groundwater conditions in the area of the
Yeington Mine Ste are not completdy known, and avalable informetion is inconclusve with
respect to the fate and trangport of COCs in groundwater that may pose a risk to human hedth
and the environment”. This problem Statement anticipates the conceptud hydrogeologic modd
components discussed in Section 2.0 that are based on the information discussed in Section 1.3,
and the tempord and spatid dtributes of groundwater qudity a the dte (dso summarized in
Section 1.3 and presented in Appendices to this Work Plan).

Step 2 of the DQO process (Identify the Decision) asks the key question(s) that this Work Plan is
dtempting to address  “Wha monitoring (induding the ingdlation of new monitor wells),
sampling and andytical activities for locations around the Yerington Mine Site sarve to evaluate
the potentid risk to the environment and human hedth, and support the development and
evauation of closure ectiviies a the Yeington Mine gSte incduding the edablishment of
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groundwater protection goas?” The criteria necessary to determine if the proposed Work Plan
activities will answer this question include, but may not be limited to:

= Adequacy of collected data to document the fate and transport of COCs in the
groundwater flow systems associated with the mine ste at present, and COCs that may be
sourced from surface mine unitsin the future;

= Adeguacy of collected data to define “background” or “ambient” chemical concentrations
in groundwater hydrologicaly up-gradient of the mine;

= Effidency of the exising pumpback well system to capture COCs that may be migrating
to possible receptors located down-gradient of the mine Ste;

= Effects of groundwater inflows (including seepage from the Waker River) to the
Yerington Pit Lake on the fate and transport of COCs n the groundwater flow systems;
and

= Effects of mine-related groundwater on surface water flowsin the Wabuska Drain.

Sep 3 of the DQO process (Identify the Inputs to the Decison) identifies the kind of information
that is needed to address the question posed under Step 2. Thisinformation would include:

= Higdoricad and future groundwater eevation and waer quaity data from monitor wells
and production wells inddled a appropriate locations a the dte, and within the

preliminary study areg;
= Lithologic logs from borehole drilling during well ingdlations;
= Generd dte geologic data (e.g., Proffett and Dilles, 1984);

= Maeteorologica data to refine the ste water baance and components of recharge and
discharge in the prdiminary study areg;

= Wdl pumping rates from pumpback and other groundwater wells &t the Site;
=  Wel pumping rates and gpplication rates of groundwater and application rates of surface

water diversons used to irrigae adjacent agriculturd aess that recharge shdlow
groundweter in the areanorth of the mine site;

= Pit lake devation and inflow data for the Yerington Pit Lake that would support a pit lake
water balance andysis (to be compiled under a companion Work Plan);

= Water quaity data from surface water flows a appropriate locations in the Wabuska
Dran that may be compared to groundwater qudity and eevation data from proxima
monitor wells,

= Maeids characterization data, including soil moisture monitoring, from exiding surface
mine units (to be collected under this Work Plan and companion Work Plans).
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Step 4 of the DQO process (Define the Boundaries of the Study) defines the spatia and tempora
agoects of the fidd monitoring, sampling and andytical activities proposed in this Work Pan.
The study area boundary shown in Figure 3 defines the area of data collection for inputs into the
decison. The rationde for sdecting the proposed study area boundary is based on the
information presented in Section 1.3 and components of the conceptua hydrogeologic modd,
described below in Section 2.0.

The southern margin of the study area is defined by bedrock outcrops and dluvid fan deposits
south of the mine dte, and north of the town of Mason. The southern margin extends to the
Wadker River to the east and to the Singatse Range topographic crest to the west. This area
would dlow ambient or background groundwater qudity to be characterized south of the mine
dgte. This southern portion of the study area is understood to be up-gradient of the mine dte,
based on current knowledge of groundwater flow directionsin this portion of the study area.

The western margin of the study area is defined by the topographic crest of the Singatse Range,
to a point coincident with the southern margin of the Yerington Paiute Indian Reservation
(Figure 3). The purpose of including this western area is the potentid contribution of recharge
from a portion of the Singatse Range to groundwater flow in the prdiminary study area. The
northern boundary of the study area is defined by the southern margin of the Yerington Paute
Indian Reservation. The extenson of the study area to the southern boundary of the reservation
is based on: 1) the concern that COCs in groundwater may reach the reservation; and 2) the
recent ingalation of groundwater monitor wells by the Paiute Indian Tribe.

The eastern margin of the study area is variably defined by recharge features (the West Campbell
Ditch, agricultural filds and the Waker River), and by the Singaise Spur. These recharge
features provide loca controls on the direction and gradient associated with groundwater flow in
the shdlow dluvid aguifer in the Sudy area The Singaise Spur is hypotheszed to impede
groundwater flow in the shdlow dluvid aquifer and limit recharge from the Waker River to the
area immediately north of the mine ste. In the southeastern portion of the study area (eg., in the
area of the Yerington Pit), bedrock does not impede Waker River recharge to the dluvid aguifer
and the Yerington Pit Lake.
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The time frame for conducting the investigations described in this Work Plan will be based on a
monitoring period to be agreed upon by the YTWG. The inddlation of proposed monitoring
components (i.e, wdls, piezometers, soil moisture probes) is anticipated to be completed by
March 30, 2003. Monitoring activities will be conducted on a quarterly basis for one year.
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SECTION 2.0
CONCEPTUAL HYDROGEOLOGIC MODEL

21  Purposeof Conceptual Hydrogeologic Model Development

The conceptud hydrogeologic modd for the Yerington Mine Ste describes groundwater
conditions during the premining and mining peiods and current conditions within the
prliminay sudy area, a sub-region of the Mason Valey hydrographic basn. The modd
identifies the components of the sub-regional and Ste water bdance, including reative recharge
and discharge vadues. Improvements to this hydrogeologic modd can refine the Conceptud Site
Modd that identifies potentia contaminant sources, pathways and receptors. The objectives for
developing this conceptud hydrogeologic modd for the mine Site include:

= Refining portions of the Conceptud Site Modd, briefly summarized below;,
= Creating groundwater flow and related water budget concepts for hypothesis testing; and
= Edablishing aframework to conduct the site investigations described in Section 3.0.

A Draft Find Conceptua Site Modd (CSM) was submitted to the Yerington Technical Work
Group on August 29, 2002 for review, and will be revised and findized pending the
incorporation of review comments. The CSM flow diagram is reproduced in this Work Plan as
Figure 15. The rdationship between potential sources, media pathways and receptors for
groundwater shown in Fgure 15 is anticipated to be improved as the result of investigations
proposed in this Work Plan.

2.2  Pre-Mining Conditions

Sources of information for an assessment of pre-mining groundwater conditions in the area of the
Yerington Mine include Huxd’s 1969 report, Proffett and Dilles 1984 geologic map and cross
sections (Figures 4 through 6), and a mosaic of 1938 aerid photographs of the area prior to mine
development (presented as Figure 16). The following paragraphs generadly describe pre-mining
hydrogeologic conditionsin the area of the mine site.
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The outline of the future mine site is shown on Figure 16. An irrigaion cand trends northwest
through the dte and supplies surface water diverted from the Waker River to the agricultura
aress within, and west of, the northwest portion of the future mine ste.  Agricultura areas north
of the future mine Ste are supplied by the West Campbell Ditch and other conveyance features.
The town of Yerington and irrigated areas dong the Waker River are shown on the right sde of

the photo mosaic.

The area of white sdt (evaporite) depodts within, and north of, the northern portion of the future
mine dte is an aea of shdlow groundwaer tha is likdy recharged from the surrounding
agricultura aress. Based on descriptions by Huxd (1969), this area of evaporite deposts
appears to represent a “waterlogged” area (darker colors in this area represents standing surface
water). The occurrence of ponded water and evaporite sdts at this location suggests that
groundwater is immediately beneath the ground surface a this interface between coarser and
finer sediments, where it was subject to evgporaion and evapo-transpiration that concentrated
and deposited dissolved sdts a the ground surface (eg., a playa environment). Thus, prior to the
dartup of copper mining operaions in 1953, the northern portion of the future Yerington Mine
Site appears to have been occupied by a groundwater discharge area. As seen in the 2001 aerid
photograph base in Figure 2, these sdt deposits remain in the area north of the mine ste.

This area of shdlow groundwater and sdt deposts is located at the trangtion of the adluvid fan
developed dong the range front of the Singatse Range, and where range-front faults have been
mapped (Proffett and Dilles, 1984). Figure 17 is a map of pre-mining hydrogeologic conditions
that shows the location of these range-front faults (dotted black lines) as well as bedrock
occurrences (brown-colored areas). Figure 17 dso shows the extent of Pleistocene Lake
Lahontan lacudtrine deposdits (purple ling from Reheis, 1999), the future mine Ste (red line) and
the outline of agriculturd areas (green line from the 1936 agrid photo mosaic). The Waker
River, Campbell Ditch system and Wabuska Drain are dso shown on Figure 17.

The future mine dte is located within the topographic and geologic trandtion from an dluvid
fan, located on the east Sde of the Singatse Range and developed dong “The Canyon” drainage
below Mickey Pass (as shown on the 1987 U.S.G.S. topographic map), to the valley floor (Figure
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17). Alluid maerids present in “The Canyon” drainage may be a focused area of recharge
from the mountain block to the vdley floor. The lithologic materids present in this trangtion
aea include reaively coarse-graned dluvid fan sediments primarily beneath the southwest
portion of the future mine Ste, and fine-grained lacustrine and flood plain (valey-fill) sediments
beneath the northeast portion of the site,

As shown on a portion of the 1984 geologic map and associated cross sections, reproduced as
Fgures 4 through 6, the southern portion of the future mine gte is located within a northeast-
trending structurd block, or spur, of the Singatse Range, between the main range front and the
Walker River. The northern portion of the future mine ste is located between the Singatse Spur
and the dluvid fan, and was covered by a veneer of Quaternary dluvid sedimentary deposts.
These deposits covered most of the Singatse Spur sructurd block, which outcrops near its
northesst margin as McLeod Hill and other exposed bedrock occurrences. Existing highwall
exposures in the Yerington Pt indicate that the pre-mining thickness of dluvium in this area of
the mine Ste was on the order of a few tens of feet, and thickened to the west and north. This

increase in dluvid thicknessis aso shown in Figures 5 and 6.

Groundwater flow conditions in the bedrock of the Singatse Range and Singaise Spur are poorly
known, as is the extent of hydraulic communication between bedrock and dluvid flow systems.
However, if the hydrogeologic character of the bedrock associated with the Yerington ore
depost is dmilar to most or dl hardrock mine dtes in Nevada, groundwater flow in these
intrusve and volcanic rocks will likdy be controlled by fractures and boundary conditions
resulting from faults and lithologic (eg., intrusve) contacts.  Groundwater wells used to de-
water the Yerington Pit likely tapped maor water-bearing sructurd zones, and post-mining
groundwater inflows into the pit likey occur from these same fractured zones (as discussed
below in Section 2.3).

Recharge to bedrock groundwater flow beneath the ste from the Singatse Range results from the
percolation of precipitation and runoff through the fractured bedrock. Recharge to aluvid
groundwater beneath the Ste occurs as a result of direct percolation of meteoric water through
the dluvid fan materids from precipitation and runoff. Recharge from direct precipitation on
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the vdley floor is conddered negligible (Huxd, 1969). Because of the low devaion and limited
aredl extent of the bedrock on the esstern margin of the dte, no recharge from this area is
consdered likely.

Along the southern margin of the future mine dte, recharge to the dluvium from the adjacent
Waker River (Figures 2 and 17) occurs as a result of the river losng water through seepage (the
present day flow of water into the Yerington Fit from the river is a focused example of this
seepage).  As the river flows to the northeast past the town of Yerington (Figure 5; cross section
A-A’), the dructurdly uplifted block of bedrock (i.e, spur of the Singatse Range) likely impedes
recharge from the Wdker River to the dluvium underlying the northern hdf of the future mine
gte. Recharge from the Campbell Ditch (Fgure 17) east of the Singatse Spur would aso be
impeded by this bedrock occurrence.

Irrigated agricultura fields are evident to the northeast of the Ste in the 1938 aerid photo mosaic
(Figure 16), and an area of irrigated agriculture is dso evidert underlying a part of what is now
the northwest portion of the future mine ste. As described below, these agricultural aress are
hypothesized to have been the dominant recharge component to this portion of the future mine
gte. The former agriculturd area that is currently covered by the Oxide Tailings Area (Figure 2)
may have been an important recharge source to the southern portion of the groundwater
discharge area.

In addition, the geologic map shown in Fgure 4 indicates that the Sdes Fault (aso depicted in
Figure 17) occupies the area where ponded water and evaporative salt deposits were present in
1938. This fault and the trangtion from fine-grained to coarse-grained dluvid maerids may be
important factors in creating the groundwater discharge area observed in the 1938 aerid

photographs.

As described in Section 1.3, Huxd (1969) estimated the following recharge components to the
Mason Vdley hydrographic basin based on the Maxey- Eakin method:
= 3 percent isrecharged from precipitation that fals on the surrounding mountain ranges;

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
It should not be relied upon; please consult the final report.



ATLANTIC RICHFIELD COMPANY DRAFT GROUNDWATER CONDITIONS WORK PLAN

= 97 percent is recharged from the river and associated agriculturd diversions; and
= Lessthan 0.1 percent is recharged from direct precipitation on the valey floor.

The thickness of dluvium in the area of the future mine dte generdly increases from south to
north, consgent with the devdopment of dluvid fan and flood-plain/lacusrine depostiona
environments away from the Singatse Range front. At the location of the Yerington Fit, the
depth of unconsolidated dluvid sediments is a few tens of feet. In the vicinity of the talings
aress a the northern margin of the ste, the thickness of the aluvium exceeds 500 feet.

The pre-mining hydrogeologic conditions described above ae summarized in Fgure 17.
Sources of groundwater recharge to the dluvid aguifer beneath the future mine dte include the
Wdker River a the southeestern margin of the dte, dluvid fan flow a the southwestern and
western margins of the dte, and recharge from agriculturd areas and the conveyance ditches
located southwest and northeast of the area of groundwater discharge and evaporite deposts.
The Wabuska Dran served as a line “snk” for devated groundwater (i.e, high water table
resulting from agriculturd gpplications of surface water) to be discharged into the surface water
agriculturd drain for return flow to the Waker River. The timing and extent of groundwater
pumping for agriculturd applications will dso be invesigated as part of this Work Pan, as
avaladle.

Conceptudly, application of water for irrigation in the agriculturd aress crestes groundwater
mounds during the nomind dx-to-saven month growing season (April through September),
which then disspates during the remainder of the year (briefly discussed in Section 1.3.2). A
clear spatia relaionship can be seen in Figure 17 between the source areas of agricultura and
dluvid fan recharge rdative to the groundwater discharge/evaporite area, outlined in yellow.

Given the much more dgnificant volume of recharge to the dluvid aguifer benegth the future
mine dte from the river and the agricultural aress relative to the adluvid fan, based on the water
budget developed by Huxe (1969), locdized directions and gradients of groundwater flow
benegth the future mine Site may be hypothesized, as follows:
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= Premining groundwater flow in the dluvid aguifer would generdly be to the north
northwest a the southern portion of the dgte.  In this area, the gradient caused by river
recharge would be gregter than from the dluvid fan, and groundwater flow may have
been more westerly up to acertain point.

=  Where the bedrock outcrops of the Singatse Spur occur, groundwater recharge from the
river would have been essantidly diminated.  However, recharge from the West
Campbd| Ditch would have continued to the north.

= |t is unlikdy that hydraulic communication between the dluvid and bedrock aquifers
was dgnificant (i.e, segpage into the bedrock from overlying dluvium would likey have
been minimad). This hypothess is based on smilar hardrock mining Stes in Nevada, and
is not supported by site-specific data.

= Groundwater flow in the adluvium benesth the future mine dte would generdly flow to
the north or northwest. Fow beyond the future mine gdte to the north during irrigation
periods would likely have been affected by recharge from the large agricultural area to
the north of the future mine ste.  Groundwater flow directions during the precipitation,
snowmdt and runoff period could have been affected by recharge from the dluvid fan
north of the groundwater dischargelevaporite area and by the disspation of the mound
beneath the agriculturd aress.

= The redive influence of recharge sources on groundwater flow would vary on a seasond
bass. Precipitation, snowmdt and runoff events during the period from January through
May likely interacted with the rate of mound disspation beneath the agricultura aress to
affect groundwater flow directions.

= Given the information presented in Figure 17, it is unlikey that shdlow groundwater
could have migrated outside of the groundwater discharge/evaporite area.

2.3  Groundwater Conditions During Mining
Groundwater flow conditions during mining operations ae conddered to have been generdly

gmilar to conditions prior to mining, with the following exceptions:

= Processing of copper ores on native or compacted ground resulted in the potentid for
process solutions and leachate to seep into the underlying dluvid aguifer.

= Himination of the agricultural area underlying the Oxide Tailings Area

= Dewaering of the Yerington Ft by peimeer and in-pit wels would have created
dewatered and/or depressurized conditions in the fractured bedrock preferentialy
oriented dong the dructurd eements exposed in the pit (eg., west-northwest). The
effect of bedrock dewatering operations on the dluvid groundwater flow system is
uncertain.

= Exposure of the dluvium within the highwadls of the Yerington Pit caused some portion
of groundwater flow in the dluvid fan to flow into the pit as a series of orings,
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princpdly dong the dluvium-bedrock contact (as seen a the present time dong the
western margin of the pit) rather than dlowing it to flow to the northern portion of the
gte  Smilaly, inflows derived from Waker River seepage dong the esstern margin of
the Y erington Pit resulted from exposure of the dluvium in thisarea.

=  Groundwater pumping from sx production wells completed to depths up to 455 feet
bdow ground surface in the dlwium north of the mine dte crested a “cone-of-
depresson” in the dlwvid aquifer. The effects of this pumping on shdlow groundwater
eevations in this aea ae uncetan, given the potentid for reaivey low verticd
hydraulic conductivity vaues in the dluvium and/or the presence of clay zones (i.e,
aquitards) that may confine portions of the deeper dluviad aguifer. Huxed (1969) noted
that pumping by the Anaconda Company a the Yerington Mine caused little change to
the groundwater regime in the adjacent area of the valley.

= Continuous ponding of process fluids in evaporation and talings ponds, and associated
ditches, in the northern portion of the mine alowed seepage from these ponds to infiltrate
into the underlying dluvid aguifer. This ssgpage may have created very smdl and
localized recharge aress, that would disspate upon the cessation of mining activities.

= Arimeico mining operdions involved leaching newly mined and previoudy sockpiled
copper ores and tailings on HDPE-lined pads. Associated fluid management included the
use of lined ditches and ponds. Seepage from these process components or from the
Electrowinning Plant could have reached groundwater, but are not likely to have affected
groundweter flow directions.

The evaporation and tailings pond areas were condructed immediately above, or adjacent to, the
groundwater dischargelevaporite area shown in Figures 16 and 17. The dluvid fan to the west,
the Wdker River a the southern portion of the site, and the agricultura areas © the northeast of
the dte continued to serve as recharge areas.  The Singatse Spur to the east continued to impede
recharge from the Walker River and agricultura ditches.

The Yerington Fit intercepted dluvid recharge from the Walker River, and it is likdy that some
portion of this pre-mining recharge source was managed during pit operations. As in the case of
pre-mining conditions, migration of dluvid groundwater to the area north of the mine Ste during
mining operations were controlled by the build-up and disspation of the groundwater mound
beneath the agricultural recharge area northeast of the mine Ste and, to a lesser extent, the
influence of recharge from the Singatse Range.
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The net effects of mining operations on dluvid groundwater flow conditions is hypothesized to
be 1) the reduction of recharge from the south due to pit devdopment; 2) the dimination of
dluvid recharge from the pre-mining agriculturd area under the present Oxide Tallings Area; 3)
the cregtion of small, localized recharge areas benesth unlined evaporation ponds, and 4) the
pumping of dluvid groundwater from the area north of the mine dte to support mining and ore
beneficiation operations. The net effects of mining operations on bedrock groundwater flow
conditions are hypothesized to be the credtion of a “cone-of-depresson” within the bedrock
groundwater flow sysdem that modified flow directions. Depressurization of the bedrock flow
system aso likely occurred.

24  Post-Mining Groundwater Conditions
The following conditions are hypothesized to have affected post-mining groundwater flow a the
Y erington Mine Ste (Figure 18):

= Rdilling of the Yerington At with groundwater from the bedrock and dluvid flow
sysems (the Yerington Pit Lake will be evauated as part of a companion Work Plan).
The pit lake is currently refilling and, when it reaches an “equilibrated” weater bdance
condition, it's levd will be controlled by recharge and discharge components. It is
ressonable to assume that, like most other pit lakes developed in a high net evaporation
seting, the Yerington Pit Lake will likdy function as a groundwater sink characterized
by a perpetud “cone-of-depresson” in the bedrock aguifer. This condition will reflect
the long-term pit lake water baance, where inflows (groundwater recharge plus direct
precipitation) will be less than outflows (discharge to the atmosphere by evaporation) on
an average annud basis.

= Ingddlation of Sx groundwater pumpback wells in 1985 and subsequent improvements to
groundwater management  activities, induding the inddlation of five additiond
pumpback wells and lining of the evgporation ponds in 1998. This groundwater
management system extracted 80.3 acre-fest (26.1 million gdlons of shdlow dluvid
groundwater in 2001 from 11 pumpback wels (AHA, 2002). This volume of pumped
groundwater to control off-gte migration of mine-rdated groundwater in the shdlow
dluvid aguifer gppears to be a dgnificant percentage of the water budget in the shdlow
dluvid aquifer within the mine Ste (estimated below).

* Inactive process components (eg., oxide and sulfide talings, evaporaion ponds, and
other surface mine units) likdy have sufficiently dried snce 1978 to creste enough
moisture storage capacity to store and evaporate meteoric water that may fall as direct
precipitetion on the valey floor. These former sources of potentid recharge to
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groundwater are less likely, or no longer able, to source leachate to groundwater (to be
evauated in this and companion Work Plans).

= Arimetco leach pads have dso been drying since operations ceased in 1999 (to be
evauated in a companion Work Plan).

= The exiging agriculturd recharge area located north of the mine ste is somewhat smdler
than pre-mining (1938) conditions, has a more regular (i.e, square) geometry, and does
not extend as far north.

The differences between pre-mining and pos-mining groundwater flow conditions in the area of
the Yerington Mine Ste are hypotheszed to be 1) the reduction of recharge to the dluvid
aquifer from the south due to pit devdopment; 2) the dimination of dluvia recharge from the
pre-mining agricultural area under the present Oxide Tailings Areg; 3) changes in the sze of, and
the amount of irrigation water goplied to, the agricultura area northeast of the mine dte; 4) the
implementation of the pumpback wel system a the northwest portion of the mine ste; and 5) the
refilling of the Yerington At with bedrock and dluvid groundwater. The effect of mining
operations on groundwater quality is hypotheszed to be the sourcing of certain condituents of
concern from various process components located within the mine site.

Although there is likdy some degree of resgance to verticd flow within the dluvid aquifer
flow sysem crested by the depostiond layering of lacudsrine and flood plan sedimentary
deposits, and the existence of low-permesbility clay layers in a least part of the mine Ste ares,
some downward migration of contaminated shalow groundwater may occur under the influence
of agriculturd pumping in the aea north of the mine dte.  Agriculturd pumping extracts
groundwater from deeper portions of the aguifer system, which can induce a downward
hydraulic gradient. The gpplication of irrigation water on agriculturd fidds a the surface may
compound the effects of agricultural pumping by locdly rasng the waer levd of the shdlow
aquifer and increesing the magnitude of the downward hydraulic gradient. It may dso have the
beneficid effect of reducing concentrations of condtituents of concern that may be present in the
shdlow aquifer.

As described in Section 1.3.2, nested monitor wels a the northern margin of the mine dte
(USGS-13 and W32DC; USGS-2B and WA4CB; W5AB-2 and W5AB-3) indicate the potertid for
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groundweter to move verticaly downward. The ability of groundwater to move downward is a
function of the vertticd gradient and the verticd hydraulic conductivity vaues of the dluvid
materids including the presence or absence of aquitards (eg., clay layers) that can impede such
movement.

25  Conceptual Site Groundwater Budget

An assessment of the overal water budget for the sudy area will asss in undersanding existing
groundwater flow and water qudity conditions, including the relative volumes and importance of
recharge sources and discharge components for the shdlow dluvid aguifer.  The volumes
discussed below are a firg-order gpproximation, and are subject to improved quantification with
the acquistion of additional data during the dSte investigations proposed in this Work Plan. The
water budget information is, in pat, summarized from the description of the hydrogeologic
Setting presented in Section 1.3.

Groundwater Budget Recharge Components

Groundwater is recharged to the aguifer sysem underlying the Yerington Mine Site through the
same processes as those that recharge the remainder of the Mason Vadley. These recharge
processes are dominated by infiltration from the Waker River and from associated irrigation
ditches and flood-irrigated fidds (approximatdy 97 percent of totd). Only minor recharge
contributions (approximately 3 percent of totd) occur from the adjacent mountain block, aluvia
fan, and direct precipitation on the valey floor (Huxel, 1969). Conceptudly, dl of the nomind
three percent value of totd recharge is derived from precipitation in the Singatse Range at
elevations that exceed 5,090 feet amd (Daly €. d., (1994).

Although groundwater flow from up-gradient portions of the dluvid flow sysem generdly may
provide a substantid portion of the groundwater budget for most segments of the Mason Vdley,
this is not the case for the mine sSte aea.  As shown in Fgure 4, the mine dte is largdy
surrounded on the northern, eastern and western ddes by bedrock, which limits dluvid
groundweater underflow to the dte.  The very southwestern portion of the mine dte recelves
recharge from the flood-plain dluvid deposts occupied by the Waker River, the northesst
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portion of the mine dte receives recharge from the agricultura area, and the western portion of
the mine gte recaves limited recharge from the mountain block and dluvid fan of the Singatse
range (Figure 18).

The reatively smal amount of groundwater recharged to the shdlow aluvium benegth the mine
dte from the Singatse Range results from the infiltration of precipitation and runoff. A method
for edimating the recharge to groundwater basins from precipitation in surrounding mountain
blocks was developed by Maxey and Eakin (1949) for 13 basins in eastern Nevada. The Maxey-
Eakin method assgns a percentage of the totd annud precipitation fdling on an aea as
groundwater recharge according to the magnitude of the average annud precipitation. For
example, areas that receive greater than 8 inches of annuad precipitation are assigned 3 percent of
that precipitation tota as recharge to groundwater. For aress that receive less than 8 inches of
annua precipitation, O percent of that precipitation is estimated to become recharge.

The portion of the Singatse Range that is likely to contribute groundwater to the area of the
Yerington Mine Site is estimated to be gpproximately 5,460 acres. This area (shown in Figure 3)
was edimated by outlining the topographic divide of the range, induding dl of the range to the
east of the divide to the contact with the dluvium. The north and south boundaries (Figure 3)
were sdlected because groundwater recharge beyond these boundaries would have a negligible
influence on the dluvid aquifer of the mine Ste area The average annud precipitation for the
contributing area is approximately 8 inches according to the 1996 Nevada State Precipitation
Map (Ddy, 1996). Usng the Maxey-Eakin method, approximately 54 acre-feet per year is
estimated to recharge the dluvid aguifer a the mine site from the Singatse Range.

Some percentage of recharge to the dluvid aguifer from the Singatse Range is now intercepted
by the Yerington Rt highwadl, and occurs as soring inflows into the pit lake above the dluvid-
bedrock contact on the west sde of the pit. Ron Hershey of the Desert Research Indtitute (pers.
comm., 2002) has measured flows from a spring and visudly estimated flows from subsdiary
seeps on the west sSde of the pit in June and December of 2000. The large spring was measured
at 50 gpm in June and 44 gpm in December, and the subsidiary seeps were estimated at 10 gpm
during the summer and winter monitoring periods. Teking the sum of the average of the
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measured large spring flows (47 gpm) and the estimated 10-gpm seep inflow rate, the totd
inflow into the pit is gpproximately 57 gpm (92 acre-feet per year). Given the fact that the
resdentid and commercid area of Weed Heights is located immediately above these springs and
seeps on the west dde of the pit, it is uncertain what contribution to these flows comes from
naturd recharge in the Singatse Range, and what is man-caused recharge from Weed Heights
(e.g., water system leeks, infiltration of lawn watering, etc.).

As described above, the Waker River higoricdly recharged the shdlow dluvid aguifer a the
southeastern portion of the Site during pre-mining conditions. Ron Hershey (pers. comm., 2002)
aso measured flows from the mgor soring adong the east Sde of the pit in June and December of
2000: 130 gpm in June and 81 gpm in December. The average of these two vaues is about 105
gpm (170 acre-feet per year). Joe Sawyer of SRK Consulting (pers. comm., 2002) has also
measured seepage rates up to 120 gpm. A detailed assessment of the pit water budget will be
conducted as part of the forthcoming Pit Lake Work Plan.

For the purposes of this water budget caculation, it is assumed that 170 acre-feet per year
represents 80 percent of the totad recharge vaue from the river and is assigned to pit seepage.
The assumption that 170 acre-feet per year represents 80 percent of the total pre-mining recharge
to the dluvid aguifer is based on the spatid podtion of the pit relative to the dluvid recharge
area south of the Singatse Spur (Figure 18). The remaining 20 percent of the tota recharge vaue
(42 acre-feet per year) is asigned to recharging the dluvid aquifer north of the Yerington Pit
Lake (between the pit and the bedrock outcrops dong the Singatse Spur). The reduction of
dluvid recharge that would otherwise flow towards the northwest margin of the mine ste may

result in lower groundwater eevationsin the shadlow aluvia aguifer at the north end of the Ste,

The groundwater recharge contribution from agriculturd  flood-irrigation and irrigation
conveyances (eg., the West Campbd| Ditch) is the largest component of the groundwater budget
for the dudy area. The area of the irrigated fidds immediately to the north and northeast of the
mine gte (Figure 18) is caculated to be approximately 770 acres, and only haf of this irrigated
acreage may recharge the area north of the mine ste (the other haf of the recharge mound would
be directed to the northeast). Using the standard Nevada State irrigation surface water right
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gpplication rate of four acre-feet per acre per year, approximately 3,080 acre-feet is estimated to
be applied to the agriculturd land outlined in Figure 3 on an annud bass. This estimate does not
include supplemental  groundwater rights supplied by production wells in the dluvid aquifer,
which would have the net effect of removing groundwater from deeper portions of the aguifer
and replacing some percentage of the total volume removed back into the shalow portion.

Of the gpplied irrigation water, approximately three feet is assumed to be logt to evapo-
trangpiration for the months of April through September (Pennington, 1980). The remaning
one-foot of water is estimated to ether infiltrate to the shdlow dluvid aguifer or be conveyed by
agriculturd  return-flow drains (i.e, the Wabuska Drain). Assuming that 0.5 feet of applied
water is dlocated to groundwater recharge, the dluvid aquifer in the area north of the mine Ste
receives agpproximately 193 acre-feet per year from the agricultural area shown in Figure 18.

The prdiminary edimate for agriculturd recharge is dso an order-of-magnitude estimate based
on the following uncertainties actud gpplication rates may differ from the assumed rae the
edimate of evapo-transpiration is taken from data for the Carson Valey; and the actud amount
of groundwater removed from the shalow aquifer by the Wabuska Drain is unknown.

Groundwater Budget Discharge Components

Groundwater may leave the prdiminary study area via the Wabuska Drain, evapo-transpiration,
groundwater pumping (including operation of the pumpback well system), and evgporation from
the Y erington Pit Lake. These outputs, or discharge elements, are described below.

The primary agriculturd drain in the preiminary study area is the Wabuska Drain (Figure 18),
which originates dong the northern boundary of the mine ste and flows to the north, eventualy
joining the Waker River north of the Mason Vdley Wildlife Management Area  The Wabuska
Dran was desgned to intercept shdlow groundwater during the irrigation season when the
irrigation of agriculturd fidds crestes groundwater mounding under the fidds. During periods
of no irrigation, or during irrigation periods with a depressed water table due to drought or other
reasons (e.g., 1999 through 2002), the Drain is commonly dry north of the mine ste. Some
danding water, or flowing water of limited flow distance, from agriculturd runoff has been
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observed on a weekly basis during the summer of 2002, an example of such a dry period when
groundwater elevations were below the base of the Wabuska Drain.

With increasng distance away from the mine gte, the volume of water that the Wabuska Drain
conveys generdly increases.  Applied Hydrology Associaes (AHA, 1983) measured surface
water flows a four locations dong the Drain in the area immediately north of the mine, and a
one location where it crosses Campbell Road. These measurements were performed in March
1983. Recorded flow rates increased from 0.01 cfs (0.5 gpm) to 0.06 cfs (2.7 gpm) for the four
locations near the Site, and the flow rate a the Campbell Road location was 4.9 cfs (AHA, 1983).

Given that the Wabuska Drain only sarves to dran the dluvid aguifer during periods of high
groundwater leves, its current discharge vdue for the dluvid aquifer beneath the mine ste is
esimated to be zero. Under conditions experienced in March 1983 (i.e, reaively high
precipitation year and prior to pumpback wel ingalation), this discharge component would have
been 2.7 gpm or 4.4 acre-feet per year. However, a the present time, groundwater elevations are

wdl bedow the base of the Drain in the area north of the mine ste.

Groundwater is removed from both the shdlow and deep aguifers in the preiminary study area
by pumping. At the Yerington Mine Ste, groundwater is removed from the upper 50 feet of the
shdlow dluvid aguifer by the 11 pumpback sysem wels used to control the down-gradient
migration of mine-related groundwater. The volume removed from the shdlow aguifer by the
pumpback wells in 2001 was gpproximately 26.1 million galons (49.66 gpm) or 80.3 acre-feet
(AHA, 2002).

Evapo-transpiration (ET) from phreatophytes in the remaning groundwater discharge area
shown in Fgure 18 will dso discharge groundwater. Although no specific vaues for ET exis
for this part of Mason Valey, an andogous ste in centrd Lyon County was studied by the U.S.
Geologicd Survey to edtablish groundwater budgets in specific sub-basns of the Dayton Valey
hydrographic basin in the Carson River watershed (Maurer, 1997). ET vaues were estimated on
the basis of groundwater depth, and ranged from 0.2 to 0.6 feet per year. For the remaining 268-
acre discharge area north of the mine Ste and east of the agriculturd area (the principa source of
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recharge to this ET discharge areq), a value of 0.4 feet per year is assigned, resulting in an annua

average discharge volume of 107 acre-fest.

To the north of the Ste, wells extract groundweater from deeper portions of the aquifer. Annud
agriculturd groundwater extraction volumes in this area are unknown, but the volumes are likdy
quite dgnificant to the groundwater budget. A portion of the groundwater extracted by the
agriculturd wells is returned to the shdlow aguifer through the infiltration of agricultura water,
as described above.

Groundwater is dso removed from the area of the Yerington Mine site through evaporation. The
estimated pan evaporation rate for the ste is about 37 inches per year based on data from Falon,
which has a smilar climate (Piedmont Engineering, 2001). Evaporation removes groundwater
from the dte a the Yerington Mine pit lake and from the evaporation ponds a the Ste. More
detailed information about evaporation from the pit lake will be presented in a forthcoming Work
Pan focused on the Yeington PFit, as this discharge component primarily affects bedrock
groundwater levels. As described above, excavation of the pit highwal has captured dluvid
groundwater, which may be evapo-transpirated by vegetation within the pit and evaporated from
the pit lake surface.

Evaporation and transpiration of groundwater occurs from aeas of bare soil where the
groundwater is near the surface and in areas of phreatophyte growth, respectively. Huxel (1969)
estimated that approximately 57,000 acre-feet per year is removed from the shalow groundwater
in the Mason Vadley, primaily from the Wabuska sub-area.  For the Yerington sub-area, the
edimated evapo-transpiration loss was approximately 10,000 acre-fet per year from
approximately 10,200 acre-feet of phreatophyte growth area.

The total area of phreatophyte growth and the potentia evapo-transpiration flux directly from the
mine dte have not been estimated, but ET losses are conceptudly set at zero for the purposes of
the Site water budget. Evaporation from the pumpback well ponds is aready accounted for in the
groundwater extraction discharge component. Therefore, the ET component of groundwater
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discharge at the ste is limited to the remaining discharge area north of the mine dte and west of
the agricultural area (Figure 18).

Edtimate of Groundwater Flow in the Shdlow Alluvid Aquifer
For the upper 50 feet of the dluviad aquifer near the northern boundary of the mine site, Darcy’s
Law was used to edtimate flow through a verticd plane (10,500-foot by 50-foot cross-sectiond

aea, (shown as the “cdculated groundwater discharge window” in Figure 18) usng the
folowing assumptions:  hydraulic conductivity of 8 feet per day (AHA, 1999); hydraulic
gradient of 0.0044 (from the January 1978 water level contour map in Seitz, . d., 1982 and
reproduced in this Work Plan as Figure 7A). The water levels from 1978 were measured prior to
pumpback well ingdlation.

The appropriate equation for thisfirg-order estimate is.

Q = KiA
where:
Q =flow in cubic feet per day;

K = hydraulic conductivity in feet per day;
i = hydraulic gradient; and

A = cross-sectiond areain square feet.

The resulting value of 18,480 cubic feet per day is equa to about 155 acre-feet per year. This
order-of-magnitude esimate of underflow from the northern margin of the mine dte in the upper
50 feet of the dluvid aquifer isinfluenced by the following assumptions

= The hydraulic gradient was measured from January 1978 water levels, which may not
accurately represent present-day conditions. However, these January water levels are not
likely to reflect the influence of recharge from irrigating the adjacent agricuturd fidds.

= The hydraulic conductivity was cdculaed from reported trangmissvity vaues
determined from aguifer testing in sSx of the pumpback wdls (AHA, 1999) based on an
assumed aquifer thickness of 50 feet, which yidded a range of hydraulic conductivity
vaues from 3 to 13 feet per day. The hydraulic conductivity is caculated by dividing the
transmissivity (feet?/day) by the aquifer thickness (fest).
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The caculated value of 155 acre-feet per year represents the discharge component of shallow
groundwater flow for the mine Ste groundwater budget when this portion of the dluvid aguifer
is not influenced by recharge from the agriculturd area a the northern margin of the mine ste
(i.e, completdly disspated recharge mound, and groundwater flows to the north at a gradient
smilar to that measured in January 1978) or by the pumpback well system.

The recharge and discharge components described above are integrated, on an acre-feet per year
bed's, into the following semi-quantitative water budget for the Y erington Mine Site:

CONCEPTUAL GROUNDWATER BUDGET

Recharge Component Volume
Singatse Range (Maxey-Eakin method) 57"
Walker River Alluvium 42"
Agricultural Irrigation 193
Total 292

Discharge Component Volume
Underflow 75°
Pumpback Well Extraction 80
Agricultural Pumping Unknown (deeper aluvium)
Evapo-transpiration 107°
Total 262

Some percentage of this value could percolate to alluvium deeper than the upper 50 feet of saturated thickness.
Calculated by subtracting the remedial pumping rate from the discharge rate estimated using Darcy’s Law for
the upper 50 feet of saturated thickness of the alluvial aquifer. Note that the total of 155 acre-feet per year
discharge value is based on a gradient of 0.0044

Evapo-transpiration component estimated from the Dayton Valley Basin in central Lyon County.

Given that the recharge and discharge components are calculated to be within 10 percent of one
another, the conceptual groundwater budget presented above appears reasonable as a fird-order
goproximation (i.e, the assumptions used in the individud component caculations appear
reasonable).
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The budget difference of approximately 30 acre-feet per year does not imply that this volume of
groundwater is migrating off dte on an amua bass. For example, less recharge from one or
more of the recharge components, or more discharge from agricultura pumping or evaporation
would tend to equdize these edimated values. Estimated recharge vaues from the Singaise
Range and from the Walker River presented above could conceptualy be reduced due to
percolation or direct recharge into deeper portions of the dluvid flow sysem. Presently, no
information is currently avalable on the pumping rates of agriculturd supply wells from deeper
portions of the aguifer that may affect the shdlow dluvid aquifer.

The budget presented above is focused on the shdlow dluvid aguifer because that portion of the
groundweter flow system is the most well known in the study area, and is subject to the principd
recharge and discharge components (eg., agriculturd irrigation, evapo-transpiraion and
remedia pumping). The vaues presented for the recharge and discharge components may be

summarized asfollows

= The totd volume of groundwater flow in the shdlow dluwvid aquifer a the northern
portion of the mine Ste and, in generd, for the Sudy areaisrdativey smal;

= Shdlow dluvid groundweter flow & the northern margin of the Yerington Mine Ste is
grongly controlled by agriculturd recharge, and discharge from the pumpback well
system and ET;

= The dmilar rechage and discharge vdues suggest tha this fird-order water budget
reasonably approximates existing conditions, and supports the conceptua hydrogeologic
mode summarized below.

2.6  Conceptual Hydrogeologic Modd Summary

Based on the information presented in Sections 1.3 and Sections 2.1 through 2.4, the following
datements, or working hypotheses, relevant to the ste investigations proposed in this Work Plan
can be made about exigting groundwater flow conditions at the Y erington Mine Site:

=  Up-gradient recharge sources to the shdlow dluvid aguifer include seepage from the
Wadker River through dluvid lacudrine and flood-plain deposits and underflow from the
dluvid fan on the magin of the Sngatse Range Infiltration from the agriculturd area
(and the West Campbd| Ditch) northeast of the mine Site recharge this area.
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Direct recharge through surface mine units (eg., waste rock or hegp leach units) in their
present “dry’ condition is hypotheszed to be negligible (to be confirmed by dte
investigations specified in this and companion Work Plans).

Two mgor discharge features currently serve to remove groundwater a the north end of
the mine ste the pumpback well sysem and evapo-transpirdion from the remaning
groundwater discharge area.  The base of the Wabuska Drain is currently well above the
2002 water table, and groundwater inflows to the Drain will not occur until groundwater
elevations rise due to “wetter” climatic conditions.

Groundwater gradients and flow rates in the northern portion of the mine Ste ae
influenced by rechage from the agricultura aea located northeest of the gte
Conceptudly, a seasond groundwater mound would build up beneath this area during the
irrigation season, and disspate after agricultural applications of surface and groundwater
ceae in the fdl. Until the mound disspates, the groundwater flow direction north of the
mine Ste appears to be towards the west, as depicted in Figure 10A. The direction of
groundwater flow may shift to the northwest or, as observed in January 1978, to the north
asafunction of the mound disspation rate and generd groundwater flow conditions.

The spatid relaionship between the bedrock outcrops northwest of the mine ste in the
Singatse Range and the agriculturd recharge area northeast of the dte (Figure 18) suggest
a reatively narrow (about 5,000 feet wide) migration path for mine-related groundwater
to migrate north of the mine dte under the effects of agriculturd recharge. Potentid
recharge from the dluvid fan in this portion of the Singatse Range and the potentid for
the recharge mound benesth the agriculturd aea not to completdy disspate would
further congtrain this migration path.

The Yerington Fit Lake is currently refilling with dluvid and bedrock groundwater. A
pit lake water baance and related conditions will be evauated in a companion Work
Pan.

Based on the information presented in Section 1.3.8, the following datements (or working
hypotheses) relevant to the Ste investigations proposed in this Work Plan can be made about
exising groundwater qudity conditions a the Y erington Mine Site:

Groundwater qudity beneath the mine dte has been impacted by mine-related process
solutions and operations.  The geochemical ggnature of mine-related groundwater is not
completely understood. However, based on their concentrations in process and tailings
solutions, and the shalow groundwater beneath the dte, iron, sulfate, and pH vaues have
been used to generdly type mining reaed groundwater impacts and “measure’
containment and pumpback sysem effectiveness in the shdlow dluvid aguifer (eg.,
Piedmont Engineering, 2001; AHA, 2002).

Based on 2002 monitor well andyticd reaults the following condituents of potentia
concern that exceed primary MCLs may dso be present within mine-related groundwater
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associated with the dte duminum, nickd, lead, copper, chromium, cadmium and
beryllium.

=  Groundwater qudity in the shdlow dluvid aguifer north of the mine gte is influenced by
surface water and groundwater agpplied to the agriculturd aea. The water budget
information in Section 2.4 indicates that a least haf of the groundwater extracted by the
pumpback well syssem comes from the agricultural area.

= Mine-rdated impacts to deeper portions of the dluvid aquifer are not entirdy
undersood.  Potentid downward migration of COCs through the aguifer may be
influenced by pumping from rddively degp wels and/ior locdized migration within
boreholes or wells. However, water quaity from intermediate to deeper wells remans
primarily unimpacted with the exception of groundwater directly beneath the old unlined
evaporation pond aress, and near well W5AA-1 where borehole migration may have
caused potentia cross contamination.

= The Yerington Pit Lake does not currently, nor in the future will, directly affect
groundwater qudity in the shdlow dluvid aguifer.  An indirect effect on dluvid
groundwater qudlity is the reduction of recharge of presumably “good-qudity” water to
the flow system. A forthcoming Pit Lake Work Plan will evauate these issues.
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SECTION 3.0
WORK PLAN

This Work Plan describes gSte invedtigation activities that will improve the current understanding
of groundwater conditions a the Yerington Mine Site and, in concert with companion Work
Mans, to achieve the DQO's dated in Section 1.4. The proposed investigations will focus on
providing data to achieve the following:

= Additiona assessment of ambient or “background” groundwater qudity;;
= Improved definition of groundwater flow directions in the area of the mine Ste;

= Additiond assessment of the laterd continuity of identified hydrogtratigraphic  units,
asociated potentia aquitards and the potentid for downward migration of groundwater
and COCs,

= Evdudion of any current contribution of condituents of potentid concern by surface
mine units,

= Evduaion of the effectiveness of the exising pumpback sysem in limiting mine-related
groundwaeter from leaving the northern margin of the mine site;

= Evdudion of recharge and discharge components to the dluvid groundwater flow
system benegth the mine site; and

=  Egablishment of Closure Plan options to address any human hedth and ecologica risk
associated with the potential groundwater pathway .

3.1  Proposed Site Investigations
Site investigations anticipated under this Work Plan consst of the following activities:

= Drilling of additiond monitor wells and piezometers in drategic locations and depths to
provide information to address the issues, and answer the questions, listed above;

= Confirmation of coordinaes and devations of exiging wdls, and surveying of new
monitor wells and other related features,

= Measurements of groundwater eevations on a quarterly basis for one year in exising and
proposed monitor wells to define seasond variationsin groundwater flow;

= Cdllection and anadyses of groundwater qudity samples in existing and proposed monitor
wellsfor one year to assess seasond variations in groundweter qudity,
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= Collection of information on the quaity and quantity of groundwater gpplied to the
agriculturd arealocated northeast of the mine site;

= |ngdldaion of moisure monitoring probes in representative surface mine units such as
talings and wase rock materids to collect information on potentid wetting front
migration from unsaturated portions of these mine units to evduate the potentid for
future leaching of condtituents of concern to shalow aluvid groundwater;

=  Obsarvations of surface water in the Wabuska Drain, West Campbell Ditch and Walker
River channel at sdected locations on a quaterly basis in conjunction with groundwater
monitoring to improve the evaluation of groundwater gradients and flow directions.

Previoudy, Atlantic Richfiedd submitted two draft Work Plans  Draft Work Plan for Yerington
Mine Ste: Groundwater Pumpback System Trench Testing and Draft Work Plan for Yerington
Mine Ste: Hydropunch Evaluation. These Work Plans were submitted prior to the approvad of
the Scope of Work, which anticipated their inclusion in this Groundwater Conditions Work Plan.
Based on the information presented in Sections 1.3 and 2.0, Atlantic Richfield proposes not to
include these activities in this Work Plan for the following reasons:

Trench testing was proposed to evduate the hydrodtratigraphy of the shdlow dluvid aquifer in
the area north of the mine dte, and to visudly demondrate which dratigrgphic zones tranamit
groundwater in the area of the pumpback wel sysem, and to assess the viability of usng cut-off
trenches to limit the off-gte migraion of mine-related groundwater. Recent core drilling to
ingal monitor well MW2002-1 indicated no obvious hydrogratigraphic horizons, and the
preliminary obsarvations of material characteristics of the recovered core suggested that
trenching without backfilling could result in a geotechnicdly ungable trench. Therefore, until
further groundwater and aguifer information is obtaned through the implementation of this
Work Plan, the concept of trench testing is not further proposed.

Hydropunch evauations were proposed to sdect monitor well inddlation locations in the area
north and northwest of the mine dste. Given the recent completion of monitor wells MW-2002-1
and —2 in June 2002 in these areas, the hydropunch evauation is no longer necessary. Locations
for monitor well ingtdlations proposed in this Work Plan will be based on the avaladle data and
hypothesis testing related to the Site conceptual hydrogeologic mode.
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Monitor Well and Piezometer Drilling

The locations of proposed monitor wels and piezometers (for groundwater eevation
observations) to be congtructed under this Work Plan are shown in Figure 19. Table 6 presents
the technical rationde for each monitor well, well cuder, or piezometer. All wel boreholes will
be drilled usng a drilling technique that alows for an evauaion of hydrodratigraphy a the
mine dte (i.e, cdllection of lithologic samples suitable for logging). All monitor wells and
piezometers will be condructed to dlow for the collection of groundwater eevation
measurements and, for monitor wedls, the collection of water qudity samples. For shdlow
completions, nomind five-foot screen intervals will be condructed in the upper 10 feet of
saturated dluvium beginning a leest 5 feet below the water table. Deeper completions in the
dluvid aquifer will be condructed on the basis of dratigrgphic information (eg., below apparent
clay-rich zones), with exact screen depths to be determined in the fidd. The Data Summary
Report for Groundwater Conditions will present dl pertinent information from the wel drilling

and congtruction activities.

Wel Surveying

All exiging wedls shown in Fgure 8B will be resurveyed in conjunction with the surveying of
new monitor wells and piezometers indaled under this Work Plan.  Survey results will be
reported to the nearest 0.01-foot, and summarized in the Data Summary Report. Locations to be
sdected dong the West Campbell Ditch and Walker River will be surveyed to establish gradient

control for groundwater elevations.

Moisture Monitoring

Moisture measurements will be obtaned quaterly for depth-specific intervals in  boreholes
condructed within the Sulfide Tailings Area, Oxide Tailings Area and South Waste Rock Area,
as shown in Figure 19 and described in Table 6. These measurements will be made to evaduate
the potentid for meteoric water to migrate through the unsaturated surface mine units,
represented by the three locations shown in Figure 19. Three depth-gpecific moisture monitoring
probes will be inddled a& each location in conjunction with laboratory moisture measurements
for solid samples collected during drilling. The precise depth of each ingdled moisture probe
will be determined a the time of drilling.
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Groundwater Elevation Measurements

Groundwater devation measurements from exising and new wells, and from piezometers, will
be taken on a quarterly basis for one year. All measurements will be recorded to the nearest 0.1-

foot. Hydrographs will be developed and presented in the Data Summary Report.

Surface Water Observeations

Obsarvetions of surface water flows will be made a the locations shown in Figure 19 in
conjunction with groundwater devaion measuements.  Obsarvations in the Wdker River
channd and West Campbel Ditch will provide gradient control for groundwater eevation
contour mapping (on the basis that surface water flows will recharge groundwater aong the
length of these features). Observaions of flowing water in the Wabuska Drain a the location
shown in Figure 19 will indicate the rdative devation of groundwater at that location.

Groundwater Quality Sampling and Analyses
Groundwater qudity samples and analyses from exising and new monitor wells will be obtained

on a quaterly bass for one year. Domestic wdls will be sampled once during the one-year
monitoring period. Sampling techniques are described in Section 3.2 and andytica parameters
and associated information are provided in Table 7. Andytica results and time-concentration
plotswill be presented in the Data Summary Report.

Callection of Irrigation Water Information
Avallable information regarding the quality and quantity of water applied to the agriculturd area
north of the mine dte will be collected and compiled in the Data Summary Report. To the extent

possble, this information will be integrated with groundweater eevation and water qudity data
from monitor wells located within, or adjacent to, the agriculturd area to assigt in understanding

dte groundwater conditions.

3.2  Quality Assurance/Quality Control Procedures
Proposed gdte invedtigation activities will follow the qudity assurance/quaity control (QA/QC)
procedures described in this section to ensure that the type, quantity and quality of data collected
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are reliable and provide the information needed to saisfy the DQOs liged in Section 1.4.
QA/QC issuesinclude:

= Monitor well and piezometer drilling, construction and surveying;

= |ngdlation of moisture monitoring probes;

= Collection of fidd dataand sampling protocols, including handling and shipment;
= Sdection of gppropriate andytica laboratory detection limits; and

= |dentification of confidence levelsfor the collected data

Monitor Well and Piezometer Drilling and Congiruction
All monitor well and piezometer boreholes will be drilled usng a drilling technique that dlows

for lithologic logging of borehole samples to assgt in the evdudion of Ste hydrodratigraphy.
All wdls will be condructed to dlow for the collection of groundwater devation measurements
and, for the monitor wdls, water qudity samples. The Data Summary Report for Groundwater
Conditions will present dl perttinent information from the wdl drilling and condruction

activities

The monitor wells will be congructed of two-inch diameter, Schedule 40 PVC flush-coupled
wel casng and nomind 0.02-inch dotted screens. The piezometers will be constructed of one-
inch diameter, Schedule 40 PVC flushcoupled wel casng and nomind 0.02-inch dotted
screens. Five-foot screened intervas will be ingdled in the upper 10 feet of saurated adluvium
with a filter pack congging of nomind 10/20 dlica sand. Deeper completions in the dluvid
aquifer will be congructed below apparent clay-rich zones, with screen depths to be determined
in the fidd. The remaning annulus will be backfilled with bentonite or grout to the natura
ground surface.  The wells will be completed with a nomind two-foot casng above the ground
surface, cemented in-place, and locking capsingdaled at the top of the well casings.

Monitor Well and Piezometer Surveying
Measurement of latitude/longitude coordinates and top-of-casng devations for exising and new
monitor wells will be conducted with a red-time kinematic globd-postioning saelite (GPS)

device. This portable device dlows an accuracy of a least three millimeters (0.01 feet) for
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lditude, longitude, and devation. This degree of accurecy is aufficient for waer leved
measurements to be usaed in the cdculation of groundweater direction and hydraulic gradient.
Measurements of coordinates and devations will be recorded in the field notebook immediately
after readings are observed, and will be automaticaly logged in the GPS data-logger for later
down-loading and cross-checking of data recorded in the field. The coordinates will be used to
properly podtion the wells on a dte plan, aong with a permanent record of each wdl top-of-
casing devation. For the purpose of fidld measurement, the top of the well casing will be the
highest point on the rim of the casing.

Groundwater Fidld Parameters

Field measurements will include datic groundwater devations, dissolved oxygen, pH, eectricd
conductivity and temperature.  The fidd parameter measurements will be recorded to the
accuracy dlowed by the measurement method and equipment, with particular attention being
given to proper cdibraion of ingruments. Prior to sampling & each monitoring wel, the pH,
dissolved oxygen, temperature, and dectricd conductivity probe(s) will be cdibrated and the
conductivity probe will be checked with a standard. Proper operation of the ground water
elevation probe will be checked prior to use by immerang the probe in water to ensure the
audible sgnd is produced. After sampling is completed, a drift check will be performed with
each instrument, usng the same sandard solutions used to cdibrate. The purpose of the drift
check is to assess the loss of accuracy that often occurs when measurements are performed at
different locations.  Indrument cdibration information and insrument accuracy limits will be
recorded in the fiedd notebook and presented in the Data Summary Report. The methods and
minimum detection limits of the pH, dissolved oxygen, temperaure, and eectricad conductivity

devices are shown below:
GROUNDWATER FIELD PARAMETERS
Parameter Method Detection Limit
Conductivity EPA 120.1, meter 1.0n8/cm
Dissolved Oxygen EPA 360.1, probe 0.1 my/l
PH EPA 150.1, meter 0.1 standard units
Temperature Standard Methods 212, Thermometer 0.1°C
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To the extent practicable, fidld parameters will be measured in one day to limit eror in
cdculding hydraulic gradient or flow direction due to potentid diurnd fluctuations in
groundwater eevation. All measurements will be recorded in a bound fidd notebook. All
equipment used to measure depth-to-water and other physcad parameters in each wel will be
decontaminated between wels by washing in an Alconox detergent solution with subsequent

clean-water rinse.

Groundwater Sampling

New and exiging monitor wdls will be purged usng ether a submersble pump or cdean,
disposable Teflon bailer, depending on depth-to-water, total depth of the well, and well diameter.
The equipment and purging method used for monitor wells will be noted on each fidd data sheet.
During purging, pH and dectric conductivity will be monitored with a cdibrated, portable fied
indrument in order to determine sabilization of these parameters between each purged wdl

casing volume. As gppropriate (e.g., for monitor wels or pumpback wells), a minimum of three
casang volumes will be purged from each wdl untii pH and dectric conductivity readings
gabilize to within 10 percent of the previous casing volume. If a wdl is purged dry, no sample
will be collected until it has recharged to within 80 percent of its origind depth-to-water, or no
more than 24 hours. Larger capacity wdls (eg., production or domestic wells) will be sampled
after fidld parameters have stabilized.

After fidd parameters have dabilized, a groundwater sample will be collected using a disposable
Teflon baller, discharge from the submersble pump or, for domesic wdls, from the tgp. The
sample will be decanted into an gppropriate sample container depending on the required anayss.
Both filtered samples for dissolved metas and, for sdected monitor wells and domegtic wells,
unfiltered samples for totd metas will be each collected in 500-milliliter (mL) bottles. Samples
for dissolved metds andyss will be filtered through a 0.45-micron filter. Immediady after
callecting the water sample for totd metals, and filtering for dissolved metds, nitric acid will be
added to each dissolved or total metds sample container until the pH of the sample is less than 2.
Non-metds samples will be collected in 1,000-mL bottles, unfiltered, with no acid preservation.
Sample bottles for the blank will not be triple-rinsed prior to being filled, so that any
contamination from bottles aone would be detected. Immediatdly following collection, samples
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will be placed into an insulated cooler chilled with ice to an gpproximate temperature of four
degrees centigrade.  The samples will then be transported to the andytica laboratory via
overnignt mall or persona deivery. Sample containers, preservation methods, and filtering
methods are summarized below.

Decontamination of purging equipment will be performed between each wdl by submerging and
scrubbing the outsde of the pump and associated hosing in an Alconox detergent bath, then
twice ringng the outsde of the pump in deonized waer. At leest five gdlons of Alconox
detergent solution and then five gdlons of deonized waer will be run through the internd
portion of the pump to reduce the potentia of cross contamination between wells.

Sample |dentification and Preservation

Sample labds will be completed and attached to each laboratory sample container prior to
ground water collection.  Strict attention will be given to ensure tha each sample labd
corresponds to the collection sequence number marked on the bottle prior to sample collection.
Thelabdswill befilled out with a permanent marker and will indude the following informetion:

»  Sampleidentification (well location)
=  Sampledate

= Sampletime

= Sample preparation and preservetive
= Anaysesto be performed

= Sampletype

= Person who collected sample

Each sample will be tracked according to a unique sample fied identification number assgned
when the sample will be collected. Thisfidd identification number congsts of three parts:

= Sampling event sequence number
=  Sampling location
= Collection sequence number
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For example, the sample collected during the third sampling event a monitoring well MW-4 will
be labeled: 003MWO004. Blanks and duplicate samples for qudity assurance will be labded in
the same fashion, with no obvious indication of ther sample location or qudity. For example,
the duplicate sample to the one stated above might be labded: 003MWD111, with a fied
notebook note tha this identification number corresponds to 003MWO04.  Procedures for

maximum holding times, storage conditions, and preservative method are presented below:

SAMPLE CONTROL PROCEDURES

Parameter Amount | Container | Filtering | Maximum Storage Preservatives
for Hold Time | Conditions
Analysis
TDS, TS 1,000 mL 1,000 mL None 7 days 4°C none
HDPE
Sulfate, Chloride, 500 mL 1,000 mL None 28 days 4°C none
Bromide, Flouride HDPE
Nitrate 100 mL 1,000 mL None 48 hours 4°C H,S0, to pH<2
HDPE
Variesper | 500 mL 6 months* 4°C HNO; to pH<2
Total Metal meta HDPE None
Dissolved Metal Variesper | 500 mL 0.45mm 6 months* 4°C HNO; to pH<2
metal HDPE
Acidity/ Alkalinity 100/200 500 mL None 14 days 4°C none
mL HDPE

TDS= Tota Dissolved Solids

TS=Tota Solids
HNO3= Nitric acid

* Mercury= 28 days, Chromium VI= 24 days

HDPE= High-density polyethylene
HsSOs= Sulfuric Acid

The following sample preservation methods will be followed for collected groundwater samples:

= If the sample is to be andyzed for dissolved metds, filter sample through a 0.45-micron
filter udang an inline filter immediady after sample collection.

acid to the sample until the pH islessthan 2.

= If the sample is to be andyzed for totd metds, do not filter. Add nitric acid to the

collected sample until the pH islessthan 2.

= Check the pH by pouring a smdl amount of sample into the bottle cap and checking the
pH with pH paper.

= Discard theliquid in the cap after checking the pH.

= Replace the cap, place the sample container in a seded zip-loc plastic bag, and cool the

After filtering, add nitric

sample to 4°C by immediatdy placing it in an insulated chest with containerized ice.

= |ndicate on the sample labd what the requested andysisis (e.g., dissolved or total).
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= Observe the maximum holding times and Sorage conditions for dl collected water
samples.

Sample Handling and Trangport
The QA objectives for the sample-handling portion of the fied activities are to verify that

decontamination, packaging and shipping are not introducing variables into the sampling chan
which could render the vdidity of the samples questionable. In order to fulfill these QA
objectives, blank and duplicate QC samples will be used as described below. |If the analysis of
any QC samples indicates that variables are introduced into the sampling chain, then the samples
shipped with the questionable QC sample will be evauated for the possibility of contamination.

Duplicate samples will be collected a a frequency of one in eght-to-ten samples for each
andyss. Duplicate samples will be collected by filling the bottles for each andyss a the same
time the origind sample is collected. Each sample from a duplicate set will have a unique
sample number labeled in accordance with the identification protocol, and the duplicates will be
sent “blind” to the lab (i.e., no specid labeling of the duplicate will be provided).

A fidd sample will be desgnated as the “lab QC sample’ a a frequency of 1 per 20 samples
(induding blanks and duplicates) for dl parameters. The lab QC sample is the sample the
laboratory will use for its internd qudity control anadyses. The lab QC sample for water
andyses will be a double volume sample.  The lab QC sample will be a sample that is
representative of other contaminated samples. The sample containers and paperwork will be
clearly labeled “Lab QC Sample’.

A blank sample will be collected by pouring the blank water directly into the sample bottles at
one of the sample locations. De-ionized water will be used for collecting blank water samples.
Field blanks will be labded in the same manner as other samples and will be sent “blind” to the
lab, with no specid indication of the nature of the sample.

Chain-of-custody protocol will be followed throughout the transport process. Each chain-of-
custody will contain the following information:
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=  Project name

=  Sampler’sname and Sgnature

= Sampleidentification

= Dateand time of sample collection

= Sample matrix

= Number and volume of sample containers
= Anayses requested

= Filtration completed or required

=  Method of shipment

The following sample packaging and shipment procedures will be followed for collected water
samples to ensure that samples are intact when they arrive at the designated laboratory:

1 Place a custody seal over each ontainer, and place each container in a zip-loc plastic
bag and sedl the plastic bag shut.

Place the sealed containersin the insulated ice chest.

3. If required, fill empty spaces in the ice chest with ether ice, pelagpan (styrofoam
popcorn), or bubble-pack wrgp to minimize movement of the samples during
shipment. Contained ice will be double bagged in zip-loc plastic bags to avoid water
leakage.

4, Enclose the chain of custody form and other sample paperwork in a zip-loc plagtic
bag. If shipping the ice ches, tape the pladtic bag to the ingde of the ice chest lid. If
sdf-trangporting the ice chest, tape the plastic bag to the outsde of the ice chest lid.

Keep acopy of al paperwork.

5. Sed the ice chest shut with strapping tape and place two custody sedls on the front of
the cooler s0 that the custody sedls extend from the lid to the main body of the ice
chest. Place clear tape over each custody sedl on the outside of the ice chest.

6. If shipping the ice ches, labd it with “Fragile’ and “This End Up” labes. Include a
label on each cooler with the laboratory address and the return address.

7. Trangport ice chests to the gppropriate laboratory within 24 hours by hand-ddivery or
via express overnight delivery.

Laboratory Analyses and QA/QC
Laboratory andyses for groundwater samples collected as pat of this Work Pan will be

conducted in accordance with Table 7. Groundwater samples will be anadyzed for dissolved
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andlor totd metds, sulfate, nitrate, chloride, acidity, akdinity, hardness and totd dissolved
solids. A Nevada-certified laboratory will perform laboratory andyses.  Criteria that are
guditative and quantitetive indictors of laboratory data qudity ae precison, accuracy,

representiveness, completeness and comparability, as described below:

= Precigon is a measure of mutud agreement among individud measurements of the same
property, usudly under prescribed smilar conditions (usudly expressed in terms of the
relaive percent difference or standard deviation).

= Accuracy is the degree of agreement of a measurement with an accepted reference or true
vaue. Usudly expressed in terms of percent recovery.

* Representiveness refers to a sample or group of samples that reflects the characterigtics of
the media at the sampling point. It dso includes how well the sampling point represents
the actua parameter variations.

=  Completeness describes the amount of valid data obtained from a series of measurements
relaive to the amount that anticipated to achieve the DQOs for this Work Plan.

=  Comparability expresses the confidence with which one data set can be compared to
another. Data comparability can be ensured by reporting each data type in consstent
units (eg., dl fidd measurements will be reported in consgent units and andytica
methods will be smilar or equivdent for dl rounds of sampling). Comparability and
representiveness are dso ensured by the use of edablished fidd and laboratory
procedures and their consistent application.

Documentation

Summary of fidd measurement and sampling activities will be recorded in a fiedd notebook with
integrd bound pages, and entries will contain accurate and inclusve documentation of project
activities in objective and factuad language. Entries will be made usng permanent waterproof
ink, and erasures are not permitted. Errors will be single-lined out, should not be obscured, and
initided and dated. The person making the entries will sgn a the beginning and the end of the
day’ s entries, and a new page will be started for each day.

The following entrieswill be made to the bound site logbook and/or filed log sheets:

=  Generd descriptions of weather conditions
= Location of each sampling point
= Dataand time of sample collection (field log sheets))
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= Thetype of blank collected and the method of collection

=  Fed measurements made, including the date and time of measurements
= Cdibration of fied ingruments

= Reference to photographs taken

= Date and time of equipment decontamination

= Fed observations and descriptions of problems encountered

= Duplicate sample location

Moaoisture Monitoring

Changes in moidure content of representative surface mine units will be evduaed usng
volumetric water content measurements with eectronic in-Stu sensors (probes), which indicate
the quantity of moisture present in a given volume of soil. The sensors, in direct contact with the
mine unit materids, measure the dectricd cgpacitance in an internd circuit when a smdl voltage
is applied from a hand-held meter or data logger. The magnitude of capacitance is affected by
the amount of soil moisture dong the outer surface of the sensor.  The insrument correlates the
electrical  cgpacitance measurements to moisture content.  Initid  soil moisture cdibrations will
be made with laboratory measurements from samples, collected a the time of drilling and sensor
ingalation, corresponding to the depth of the installed probe.

Boreholes will be drilled to dlow for probe placement in close proximity to the surface mine
materids (the diameter of a soil moisture sensor is approximately 1.5 inches). Borehole cuttings
or core will be used to backfill the borehole between each sensor.  The following procedure will
be followed during the ingtalation of the soil moisture sensors (NOAA, 2002:

1. Soak each sensor in clean water for 1 to 2 hours to remove the air and then alow drying
for 4to 6 hours. Soak at least five minutes prior to placing the sensor in the borehole.

2. Mix drilled materids with enough didtilled water to form four gdlons of thick, semi-fluid
mud with no visible air gaps to achieve adequate sensor contact with the materias.

3. Pour one gdlon of the mixture into the bore hole, and lower the sensor to the desired
depth (where the bottom of the sensor touches the mixture).

4. Fll the hole around the sensor by adding the remaning three gdlons of mixture,
followed by the drilled materids and a little water a a time to enhance compaction, until
the hole isfilled to the depth of the next sensor leve.

Thisisadraft report and is not intended to be a final representation of the work done or recommendations made by Brown and Caldwell.
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5. Allow at least one week for equilibration of the mud with surrounding native soil before
recording the firgt "true¢’ soil moisture measurements. To ensure equilibration, record the
change in soil moisure every 12 hours, and grgph results until the curve becomes
relatively asymptotic.

6. Mak each sensor lead with a permanent tag indicating the exact depth of the sensor.
Allow aminimum of six feet of lead to protrude from the ground surface.

7. Inddl an dght-inch dianeter sed casing around the wire leeds. The casng should
extend from a minimum of one-foot bgs to two-feet above ground surface, and be open at
the top, with no cap.

3.3 Site Job Safety Analysis

A gte-specific Job Safety Andysis (JSA) is presented in Appendix D.  This JSA has been
prepared in the context of the Hedth and Safety Plan (SHSP) for the Yerington Mine Site. The
SHSP identifies, evaluates and prescribes control measures for hedth and safety hazards, and
describes emergency response procedures for the ste.  SHSP implementation and compliance
will be the responghbility of Atlantic Richfidd's contractor, with Atlantic Richfidd taking an
oversght and compliance assurance role.  Any changes or updates will be the respongbility of
the contractor with review by Atlantic Richfield Safety Representative Lorri Birkenbuel. Copies
of the SHSP ae located a the dte, in Atlantic Richfiddld's Anaconda office, and in the
contractor’ s office. The SHSP includes:

= Safety and hedth risk or hazard andyss,

= Employee training records;

= Persond protective equipment (PPE);

* Medicd survellance,

=  Site control measures (including dust control);
= Decontamination procedures,

=  Emergency response; and

= Soill containment program.

The SHSP indudes a section for Ste characterization and andyss tha will identify specific Ste
hazards and ad in determining appropriate control procedures. Required information for dte
characterization and anadysisincludes

o4
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Description of the response activity or job tasks to be performed;
= Durdtion of the planned employee activity;

= Stetopography and accessibility by air and roads;

= Safety and hedth hazards,

= Hazardous substance dispersion pathways, and

= Emergency response capabilities.

All contractors will receive agpplicable training, as outlined in 29CFR 1910.120(e) and as Sated
in the SHSP. Copies of Training Certificates for dl ste personnd will be attached to the SHSP.
Personnd will initidly review the JSA forms a a pre-entry briefing. Ste-gedific traning will
be covered a the briefing, with an initid dte tour and review of dSte conditions and hazards.
Records of pre-entry briefingswill be attached to the SHSP.

Elements to be covered in ste-specific training include persons responsible for Ste-safety, Ste-
specific safety and hedth hazards, use of PPE, work practices, engineering controls, mgor tasks,
decontamination procedures and emergency response. Other required training, depending on the
paticular activity or leve or involvement, may include MSHA or OSHA 40-hour training and
annua 8-hour refresher courses. Other training may include, but is not limited to, competent
personnd training for excavations and confined space. Copies of dte personnd MSHA or
OSHA certificates will be attached to the SHSP.

The JSA for this Work Plan incorporates individud tasks, the potentid hazards or concerns
associated with each task, and the proper clothing, equipment, and work approach for each task.
Tasks and associated potentid hazards included in the JSA are outlined below:
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PROJECT TASKS AND ASSOCIATED POTENTIAL HAZARDS

YERINGTON MINE SITE

SEQUENCE OF BASIC

POTENTIAL HAZARDS

JOB STEPS
1. Traffic and pedestrian mishaps and resulting bodily injury.
: . 2. Drilling into underground utilities
1. Well/P eter/Moist
ezOMECTVIOISUT® | 3. Striking overhead lines o objects with drill mast.
Probe Installation: drilling rig . . ; . .
A 4. Physical hazards associated with handling and transferring fuel to
mobilization and setup : . L . L
machinery. These include ignition/explosion, dermal irritation,
inhalation of fumes, accidental ingestion, and eye contact.
1. Injury to hearing from noise.
2. Well/Piezometer/Moisture 2. Inhalation hazards from dust from drilling activities.
Probe Installation: drilling 3. Physica injury from moving parts of machinery.
activities 4. Physical hazards to personnel on the ground in the vicinity of the heavy
machinery.
3 Waell/Piezometer/Moisture 1 | nhd ation of si I i ca.sand, bentonltg, or concrete dust.
I 2. Eyeinjury or irritation from splashing ground water.
Probe Installation: 3. Physical hazards associated with use of hand tools to tighten or |
construction ysical hazards associ with use of hand tools to tighten or loosen
augers.
. 1. Traffic and pedestrian mishaps and resulting bodily injury.
4. Surveying 2. Lightning.
5. Collect Monitoring Well Field | 1. Skinirritation from dermal or eye contact.
Parameter Measurements 2. Slipping or falling on wet ground surface.
. 1. Skinirritation from dermal or eye contact.
6. PurgeMonitoring Wells 2. Slipping or falling on wet ground surface.
7. Prepare sample bottles and 1. Burnor corrosion from acid spillage, if sample bottles do not have acid
dressin appropriate PPE. aready in them.
8. gg,l]lﬁt Grogrgj Watter inat 1. Skinirritation from dermal or eye contact.
Iples and Decontaminate 2. Slipping or falling on wet ground surface.
Equipment
9. Package and Transport
Groundwater Samples to 1. Traffic and pedestrian mishaps and resulting bodily injury.
L aboratory
1. Slips, Trips, and Falls
10. All Activities 1. Back, hand, or foot injuries during manual handling of materials.
1. Heat exhaustion or stroke.
1. Hypothermiaor frostbite.
Unsafe conditions. 1. All potential hazards.
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